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I, INTRODUCTORY REMARKS 

The clinical picture of trench foot has been exhaustively described 
in the literature by many authors. It is not the purpose of this report 
to review the problem of trench foot. A well accepted s3miptom 
complex as well as clinical observations have been delineated in all of 
its phases from its inception until the late chronic phase of the disease. 
This work is to be limited to a series of physiologic observations on 
mild chronic trench foot of a degree bordering on normalcy which 
might ultimately lead to the improvisation of a simple objective test 
which can not only demonstrate the existence of trench foot but also, 
to some extent, the degree of severity, or at least differentiate between 
the presence or absence of activity. An absolutely infallible test is 
certainly not available, but the results strongly suggest that it is 
possible to demonstrate the existence of activity and degree of involve- 
ment. It is well to realize that data obtained on chronic trench foot 
with mild involvement will differ qualitatively and quantitatively 
from those of the acute phases of the disease. There is a high negative 
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and heat, observations of these cardinal features will indicate the 
presence and degree of inflammation. Pain is very difficult to evaluate 
objectively. Variations in the amount of circulating hemoglobin, 
pigmentation, thickness of the epidermis, and lighting, limit skin 
color studies as a means of evaluating circulation. Swelling, especially 
in the late or chronic phases of disease, may exist and frequently does, 
but its measurement is a practical problem difficult to surmount. 
Temperature, on the other band, may be easily and accurately meas- 
ured (0.1 to 0.2°C.) by means of thermocouples. Because of this, the 
study has been mainly limited to the use of thermocouples. It is 
purely an objective method which is not subject to influences. The 
temperature of a part is closely correlated with the degree of inflamma- 
tion in that part, providing other factors which produce elevated 
temperature can be ruled out. These factors are usually constitu- 
tional rather than local. For example, if the individual is experiencing 
an elevation of temperature due to generalized disease, this will, of 
course, be reflected in the extremities. An endocrine imbalance, such 
as hyperthyroidism, will cause the extremities to become warm. 
Psychogenic factors will influence the temperature of an extremity. 
In the course of these studies an attempt was made to eliminate the 
extraneous local and general causes for elevation of the temperature 
of a part and evaluate only the temperature changes produced by 
factors intrinsic in the part which bears relationship to the trench foot. 

Assuming that the temperature of the part will be an index of the 
existence and degree of inflammation in that part both as to reaction 
and repair a person with severe trench foot may have a lower surface 
temperature of the part involved than one with a mild case, if these 
two determinations are made at different times in relation to the time 
of onset. For example, the patient may have a considerable degree 
of tissue damage and tissue loss with only moderate deviation of the 
temperature above normal, providing the relationship between the 
date of onset of the trench foot and the determination of the tempera- 
ture are sufficiently far apart. When tissue loss or severe damage is 
present it is usually obvious to the examiner. A test which could 
demonstrate the existence of inflammation in the presence of a mini- 
mum amount of clinical evidence of damage would be of great value. 
In brief, at the conclusion of the various physiologic studies described 
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below a significant problem may be summarized as to confirm or to 
deny the existence of inflammation in mild chronic trench foot in 
the absence of definite objective findings, and in spite of subjective 
complaints. 

The exact pathogenesis of trench foot is not known. It has not 
been definitely established that all injuries resulting from cold or low 
temperature may be placed in one category from the standpoint of 
tissue pathology. Certainly, tissue injuries produced by chilling 
under conditions much below freezing may differ from injuries pro- 
duced by temperatures above freezing. “Wet Cold” is especially 
damaging because water has a high capacity for removing heat by 
conduction from an extremity, about 27 times that of air. Therefore, 
exposure under weather conditions existing during a thaw may result 
in greater disability than is incurred in actual freezing temperature 
because of the influence of the water. Exposure to “wet cold” for 
prolonged periods, of course, will produce a more profound and far 
reaching reduction of tissue temperature of the exposed part than 
short exposures. “True frostbite” does not- show uniform necrosis 
throughout the deeper tissues, although areas of pathology similar to 
those found in tissues subjected to temperatures above freezing may 
be seen. All other factors being equal, “wet cold” produces a more 
diffuse or penetrating effect than “dry cold” just as “wet heat” 
produces a more diffuse and penetrating effect than “dry heat”. This 
may account for the fact that although trench foot may demonstrate 
less superficial involvement of tissue, the disability in trench foot 
patients may be greatly prolonged over patients with frostbite in 
which the degree of superficial tissue destruction is' much greater. 
The diffuse and deep injury to tissues tends to e.xplain the e.xistence 
of an inflammatory process months and possibly even years after 
the initiating cause has been removed. The premise that inflamma- 
tion, including both reaction as well as repair, may reside in tissues 
long after the initial injury is by no means a new one, peculiar to 
trench foot. Bums, particularly scalds, which may be associated 
with little evidence of superficial reaction in the later stages, may 
result in prolonged disability due to diffuse deep tissue damage. 
Certainly, burns produced by chemicals and radiation result in chronic 
reaction in tissues. Inflammation under these circumstances may 
exist long after the initiating cause has been'removed (3, 4). 
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n. METHODS AND MATERIALS 
1. Procedure of Study in General 

The subjects were made to rest in bed, unclothed and covered with 
a sheet in an air conditioned room. Thermocouples were placed 
upon the upper and lower extremities. After stabilization of shin 
temperatures was obtained, the arterial and venous circulations to the 
legs were suddenly occluded bilaterally by a pressure cuff around the 
lower third of the thigh. After 15 minutes of occlusion the pressure 
was released and circulation re-established. Temperature deter- 
minations were made continously ad seriatum throughout the period 
of study. During the course of these observations, variations in 
skin color, intensity and duration of reactive h}^eremia, and rate 
of refilling of skin vessels were noted. The additional procedure of 
unilateral blocking of the posterior tibial nerve with procaine was 
performed in some of the studies. Identical observations were made 
on both trench foot and control subjects, simultaneous studies being 
conducted whenever practicable. 

A group of subjects, both normal and those with trench foot, were 
observed for insensible and sensible perspiration. Sensible perspira- 
tion was initiated by a very hot and humid environment. 

2. The Subjects 

The subjects studied were: 

Trench Foot Patients: Patients with uncomplicated trench foot were 
transferred by railroad from the Brooke General Hospital of the 
U. S. Army and the U. S. Army General Hospital at Camp Butner, 
North Carolina, to the LaGarde General Hospital of the U. S. Army 
at New Orleans. They were then transported, via ambulances, from 
the LaGarde Hospital to the laboratories at Tulane Medical School 
for observation. With only a few exceptions the patients were am- 
bulatory. The patients were mainly injured during the “Battle of 
the Bulge” in Belgium. The date of injury and length of time since 
injury are indicated in detail in Table 1. Also shown in Table 1 are 
details of age, duration of trench foot symptoms, degree of damage, 
and other miscellaneous factors of clinical and biographical interest. 
The patients with trench foot totaled 46, and ranged from 19 to 36 
years in age. All of them were males; 44 white and two colored. 
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To correlate the laboratory findings with the clinical manifestations 
it became necessary to classify the patients under study into clinical 
types, or classes, of severity. Although it would have been valuable 
to include in this classification tlie severity of the initial state, it was 
impossible to evaluate this because of the meager information available 
on the medical record and the unreliability of the past medical history 
derived from each patient. Furthermore, since the present studies 
were concerned primarily with the chronic phases of the disease, this 
information was not essential. The classification employed in these 
patients was made simple and depended mainly on objective clinical 
data. The classification as used elsewhere (5) obviously could not 
be employed in these patients. 

Classification of the Chro7iic Stage of Trench Foot: Class I: (a) 
Patients with practically no objective findings, all complaints being 
subjective in nature. Existence of disease may even be subject to 
question, (b) Patients with mild erythema of toes, slight dependent 
edema, and some slight limitation of motion of the toes, (c) Patients 
with obvious edema, definite erythema, tenderness on pressure, 
limitation of motion of toes, and possible small ulcerations or areas 
of desquamation, and with obvious walking difficulties. 

Class II: Patients with swelling, erythema, definite loss of tissue, 
not including spontaneous amputation of an entire toe; some fairly 
large areas of ulceration and tissue loss. The patient is able to stand 
on his feet with some difficulty. 

Class III; Patients with spontaneous amputation of at least one 
toe, marked reaction of inflammation with edema and erythema. 
Patient is unable to walk and has pain even while at rest in bed. 

Since almost aU of these patients were of Class 1 and they varied in 
degree within this Class, the Class was further subdivided into three 
subclasses. Therefore, with such a classification, it was possible to 
code the severity of the patients by symbols. For example, Ib would 
be employed to indicate a patient with chronic trench foot of Class I 
and subclass b, and so on. 

Normal Subjects: There were 108 normal volunteer subjects varying 
in age from 19 to 40 years. There were 89 males and 19 females 
(latter volunteers from the Women’s Army Corps). The males were 
soldiers from the detachment at LaGarde General Hospital, a few 
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convalescent patients at the Hospital awaiting discharge, and medical 
students, technicians, and doctors from the Tulane Medical School. 
All were known to be in good health and free from any organic disease. 
None of these patients had had any severe peripheral vascular disease 
in the past or had suffered from frostbite or any t5rpe of injury from 
cold. These subjects, like the patients with trench foot, were well 
acquainted with hospital routine and aspects of clinical investigation 
and tests. 

Patients with Psychoneurosis: There were 51 volunteer patients with 
psychoneurosis. They were from the LaGarde General Hospital 
and had been under observations for prolonged periods of time, thus 
offering adequate opportimity of eliminating organic disease. They 
were all male soldiers varying in age from 19 to 37 years and were 
transported via ambulance to the Tulane laboratories for study. 

Patients with Miscellaneous Vascular Disease States: Several pa- 
tients with peripheral vascular disease were studied along with those 
described above. They were divided as follows: three frostbite, one 
varicose veins, one Raynaud’s disease. These few patients were 
included for orientation purposes. 

Almost all of the patients and subjects described above had epider- 
mophytosis of the feet to a mild degree. Subjects with severe epider- 
mophytosis with secondary infection were not studied. 

3. Conditions of the Observation Room and Preparatio7i of Patients 

a. Conditions of observation room: At the onset of the studies it 
became necessary to dioose room conditions obtained by air condition- 
ing apparatus. In order to find the most satisfactory atmospheric 
conditions, a series of preliminary studies were conducted on normal 
young adult male subjects and a comparable series of young male 
soldiers with mild chronic Class I trench foot under room conditions 
varying in temperature from 14.5°C. (58°F.) to 25.5°C. (78°F.) and 
relative humidity varying from 50 to 65 per cent. All subjects 
rested in a comfortable hospital type bed and were nude except for an 
ordinary type of cotton sheet, which covered their trimks and upper 
third of the thighs. It was soon found that at temperatures below 
18.3°C. (65°F.) most of the normal and trench foot subjects complained 
of being cold and insisted that they were imcomfortable. Many of 
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them had a real chill or rigor. At 18.3°C. (65°F.) several subjects 
had a rigor near the end of the study, which necessitated about 90 
minutes stay in the observation room. When room temperatures 
above 21°C. (70°F.) were used, differences between the normal sub- 
jects and those with trench foot, following the reactive hyperemia 
test (described in detail elsewhere in the paper), were not very great. 
This was particularly apparent at temperatures of 23.8°C. (75°F.) or 
higher. When a temperature of 20°C. (68°F.) was used, the subjects 
found the room pleasantly cool, a sufficient gradient existed between 
the temperature of the part and that of the room air, to bring out 
differences in vascular reactions to such stimuli as reactive hyperemia, 
complete occlusion of arterial and venous circiffation of the part, and 
to nerve block. 

It was also found that at a room temperature of 20°C. (68°F.) the 
relative humidity could vary from 50 to 65 per cent without producing 
any notable differences in the results. This is of particular importance, 
since it is difficult, if not impossible, to guarantee a constant relative 
humidity for prolonged periods of time without a vapor sealed room. 
The rate of movement of the room air should not exceed 15 feet per 
minute. Since thermocouples sealed with “Scotch Tape” to the 
surface of the parts studied measure a temperature on the skin surface 
determined by a state of equilibrium between the atmospheric tempera- 
ture and temperature of the part, it was necessary to maintain a 
constant room temperature, to a variation of less than 0.55°C. (1°F.). 

b. Influence of clothing: It was noted that if patients were covered 
with a sheet and woolen blanket (standard type of blanket issued by 
the U. S. Army) many of the subjects were too warm. Some of them 
perspired a great deal and showed considerable fluctuations in foot 
and toe temperatures. In order to standardize the conditions, they 
were all stripped of their clothing and then covered over the trunk 
from the shoulders down to include the upper third of the thighs. 
Under these latter conditions some of the subjects experienced sub- 
jective coolness; the large majority were comfortable and enjoyed the 
atmospheric conditions. None were truly uncomfortable. It is 
well to emphasize the importance of not varying the amount of cloth- 
ing. This is well brought out in the studies on the normal females 
(W. A. C.) in whom the clothing could not be properly controlled. 
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c. Weather conditions: Since it is quite likely that the local weather 
conditions influence the results of such a study as this, the New 
Orleans weather during the months of May through September 1945 
are summarized in Table 2. These are the warmest months of the 
year for New Orleans. 

d. Meals: A series of studies were conducted on subjects with and 
without the previous meal, that is, the subjects studied in the morning 
did not eat breakfast and those studied in the afternoon omitted 
lunch. The subjects who omitted previous meals complained of 
hunger and showed signs of restlessness and impatience. Since it 


TABLE 2 

A Summary of the Weather Conditions in Nev) Orleans during the Period of These Stitdies 


TEUPERATUSZ (*?.) 


RELATIVE HUMIDITY (%) 


Month 

Mean 

Max.* 

Min.* 

Mean 

Max. 

Min. 

May 

75.0 

83.2 

66.7 

71.5 

96 

42 

June 

82.9 

91.0 

74.8 

77.8 

98 

51 

July 

81.6 

87.4 

75.7 

83.0 

99 

57 

August 

83.0 

89.2 

76.7 

82.3 

99 

47 

September 

81.4 

88.5 

74.3 

80.3 

98 

49 

Average for entire 







period 

80.8 

87.9 

73.6 

79.0 

99 

42 


* These values are the mean of the extreme temperatures. 


was found that the results were not influenced by eating or omitting 
meals the routine was soon established of permitting all subjects to 
eat before coming to the laboratory for study. By adopting this 
routine all patients went from two to three hours without food before 
observations were begun. Permitting patients to eat at regular Army 
mess hours simplified the management of the subjects, and avoided 
the complaints associated with hunger without altering the results. 

AU subjects were asked not to smoke before the studies, although 
occasionally we encountered a subject who disobeyed the request. 
None of them, however, smoked, drank or ate anything once they 
entered the laboratory for study. Subjects with complicating diseases 
were not studied. 
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4. Description of the Occlusion-Reactive Hyperemia Test 

This procedure was chosen since it was simple to employ and was 
entirely objective. It was free from any need for cooperation from 
the subject (except remaining fairly still). It can result in a test of 
the ability of the vessels of the feet to dilate under intact physiologic 
conditions. This latter bit of information is important since it is 
valuable to know some aspects of the ability of the blood vessels of 
the part to deliver blood to the part to meet requirements of metabo- 
lism, thermoregulation and repair. The integration of the functional 
state of the vessels with the anatomic changes should be observed under 
the influence of the intact physiologic factors governing the adjust- 
ments of the circulation of the part. The test described below gives 
some indication of these. 

The test as employed was as follows: 

The subjects entered the observation room, undressed completely, 
entered a comfortable hospital t)q)e bed and were covered with a 
smgle cotton sheet from their shoulders to the upper third of the 
thighs. Blood pressure cuffs with six foot lengths of added cloth 
were snugly but not tightly wrapped around the lower third of the 
thighs. These cuffs connected to a metal pressure tank kept auto- 
matically at 280 m.m. of Mercury pressure by means of a reduction 
valve and the air pressure supply of the laboratory. Constantan- 
copper thermocouples were then placed on five areas, four on each 
foot commonly showing the most damage from trench foot and one 
on the middle finger. These points were: (1) the “bunion area”^ 
(medial aspect of the first metatarsophalangeal articulation) ; (2) the 
pad of the terminal portion of the great toe; (3) the pad of the terminal 
portion of the second toe; (4) the “corn area”* (lateral aspect of the 
first interphalangeal articulation of the fifth toe) ; and (5) the pad of 
the terminal portion of the middle fingers. By means of a decade 
switch, each thermocouple was switched into series with a galvanom- 
eter and the temperature of the part was measured to within 0.1°C. 
The temperature of the 10 points was measured continuously ad 
seriaUm. When the temperature of all parts reached a fairly constant 
level (maximum variation in any one part of 0.4°C.), usually requiring 

* These terms are employed for the sake of brevity. 
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about 30 minutes, Phase 1 of the test was completed. Phase II, 
the period of occlusion, of the test was started by sudden occlusion of 
the arterial and venous circulations by sudden opening of a valve and 
connecting the cuffs around the legs to the pressure tank. This 
resulted in cessation of the circulation to the feet without engorgement 
of the veins and small peripheral blood vessels. The occlusion was 
maintained for a period of 15 minutes (measured by a stopwatch), the 
temperature for the ten points being measured continously ad serialium. 
Phase II was completed and Phase III, the period of reactive hyperemia, 
started by the sudden release of the pressure occluding cuffs, by means 
of valves. The temperatures were still measured for each part ad 
seriatium until a new baseline had been established. 

Several aspects concerning this test require comment. For ex- 
ample, a baseline in Phase I with a maximum variation for any one 
of the ten parts of not more than 0.4°C. variation was used instead of 
an absolute baseline, (1) in order to avoid unduly prolonging the 
study, (2) because there is usually some fluctuation in the temperature 
of such parts as a part of the normal fluctuation in vascular blood 
volume, and (3) such a baseline proved to be satisfactory. A period 
of 15 minutes of occlusion was chosen, for, as shown by Lewis (6), in 
occlusions less than 15 minutes duration inadequate amounts of 
reactive hyperemia result, while occlusions of 20 minutes are associated 
with a great deal of discomfort with numbness, aching intense tingling 
and cramping. Occlusions lasting somewhat longer may result in 
nerve degeneration; occlusion for several hours wiU result in 
Volkmann’s contractures. 

The normal and trench foot subjects were studied at separate 
times or simultaneously, each in separate adjacent beds. 

m. THE EXPERIMENTS 
A. The Occlusion-Reactive Hyperemia Test 

1. Normal Subjects and Patients with Trench Foot: The test was 
applied to 30 patients with Class I trench foot and 26 normal control 
subjects. These tests were repeated at least once on each subject for 
both feet, recording the temperature variations for four areas of 
each foot and the right middle finger tip of each hand. By using 
both feet, each foot was a check over the other and resulted in a study 
of 60 feet with trench foot and 52 normal feet. 
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The results are summarized by the records shown in Figures 1 
through 9. In the normal subjects the typical reaction (Figure 6) 
consisted of a gradual drop in the temperature of the parts studied 
during the Phase I period of the test. During Phase II, or the 15 
minute period of complete arrest of the circulation, the temperature 
of the parts decreased very slightly. After release of the circulation 
there was a rise in temperature (Phase III). This is called a “Normal 
Reaction.” 

The patients with trench foot showed quantitative differences. 
Their reactions were found to vaiy with the severity of their disease 
as follows: Patients with Class la disease were found to react as the 
normal control subjects or to show a very slightly greater rise in the 
temperature of the parts during Phase III of the test (Figure 7). 
They also tended, at times, to show a slightly greater and more rapid 
decrease in temperature of the parts during Phase II. The rise during 
Phase III rarely exceeded 1.5°C. Those patients of Class Ic, more 
severe disease, reacted in a fashion distinctly different from the normal 
subjects (Figure 9). They ran higher temperatures of the parts 
during Phase I, showed a greater and more rapid fall in temperature 
during Phase II, and decided increase in temperature during Phase III. 
The rise during Phase III usually was 3°C. or more. This rise tended 

Fig. 1. This graph summarizes the temperature recordings for various portions 
of the feet and tip of the middle fingers in mild chronic trench foot and normal nude 
subjects covered only from the upper third of the thighs to the shoulders. The 
subjects remained recumbent at rest in bed in the control room at 20°C. (68°F.), 
humidity SO to 65%, and rate of movement of room air less than IS feet per 
minute. 

B represents the temperature of the part just before occlusion of the ciroJation 
to the feet. 

0 represents the temperature of the part at the end of IS minutes of occlusion 
of the circulation to the feet. 

R represents the maximum temperature reached by the part after release of 
the circulation. 

Thirty subjects (15 normal and 15 with Class I trench foot, 7 Class la, 3 Class 
Ib and 5 Class Ic). These studies represent single measurements on each subject 
during one week. 

The mean values are shown within the columns. The extreme values are in 
the parenthesis above each column. This scheme of labeling is employed in the 
figures throughout. 




PHYSIOLOGIC RESPONSES IN TRENCH ROOT 


17 




18 


BURCH, MYERS, PORTER ANU SCHAERER 


to show a direct relationship to the degree and duration of the reactive 
hyperemia {vide infra). Those patients with Class Ib trench foot 
presented reactions and temperature curves which were between 
those of Class la and Ic. Of the 30 patients with trench foot, 16 
showed the Class la reaction, 5 the Class Ib and 4 the Class Ic re- 
actions. All 26 normal subjects had the normal or Class la type 
reaction. 

Each individual patient or subject consistently presented the same 
type of reaction each time studied. 

The differences in the reactions to the occlusion-reactive hyperemia 
test are illustrated by Figures 1 through 9 and Table 3. Figures 1 
and 4 include the results for one week of study, while Figures 2 and 5 
show the results for an entire series of observations over a period of 
several weeks. There are no differences in the nature of the reactions 
if tracings of an individual subject, tracings of a small group of sub- 
jects or tracings of a large series are examined. The reactions just 
mentioned were studied at a room temperature of 20°C. (68°F.). 
They were not different from some recorded at a room temperature 
of 18.3°C. (65°F.) (Figures 10 and 11). It can be seen from Table 3 
that some of the temperature differences have mean values which are 
not statistically significant. This is most probably the result of the 
lack of a sufficiently large number of subjects in each series. 

2. Patients with Trench Foot and Patients with Psychoneurosis: In 
order to further check the results just described, 24 of the above 30 


Fig. 2. This graph summarizes the temperature recordings for various portions 
of the feet and tip of the middle fingers in mild chronic trench foot and normal 
nude subjects covered only from the upper third of the thighs to the shoulders. 
The subjects remained recumbent at rest in bed in the control room at 20°C. 
(68°F.), humidity 50 to 65%, and rate of movement of room air less than 15 feet 
per minute. 

B represents the temperature determinations of the part just before occlusion 
of the circulation to the feet. 

O represents the temperature of the part at the end Of 15 minutes of occlusion 
of the circulation to the feet. 

R represents the maximum temperature reached by the part after release of 
the circulation to the feet. 

Eighty-five observations were made on 26 normal and 30 Class I trench foot 
subjects. The studies were conducted over a period of several weeks and repre- 
sent 2 or more determinations on each subject. 
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Fig. 3. This graph summarizes the temperatures recorded for various portions 
of the feet and the tip of the middle fingers of normal and Class I trench foot sub- 
jects shown in Figure 1. The prevailing conditions were identical to those in 

Figures 1 and 2. , . r u- ♦ 

This graph shows the differences between the normal and trench foot subjects, 

both as to absolute values in temperature and variations brought about by_the 
three phases of the ocdusion-reactive hyperemia test. 


patients with trench foot were subjected simultaneously with 38 
patients with psychoneurosis to the occlusion-reactive hyperemia 
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test applied to the right arm of each subject. A patient with each 
condition rested in separate adjacent beds. The experimental condi- 
tions were precisely the same as for the study of normal and trench 
foot subjects just described. Each trench foot patient was studied 
twice, with a different control patient with psycheneurosis. 



B. O R BO B. BOB B OB. BOB. 
Lt. middle finger Lt bunion area Lt. big toe Lt second, toe Lt. corn area 


Fig. 4. This graph shows only the changes in temperature for the various parts 
during the occlusion-reactive hyperemia test in normal subjects and patients with 
trench foot, Class I (subgroups indicated). The zero temperature or reference 
value is that temperature noted just before occlusion of the circulation. The 
graph represents the changes in temperatures shown in Figure 1 without noting 
the absolute temperature values. 

During these studies the finger and toe tip temperature variations 
were observed simultaneously during the occlusion-reactive hyperemia 
test. Temperature measurements were made on the: (1) tip or 
pad of the right index finger; (2) tip or pad of the right middle finger; 
(3) tip or pad of the right big toe; (4) tip or pad of the right second 
toe; and (5) tip or pad of the left middle finger of both patients with 
trench foot and those with psychoneurosis. During Phase II of the 
test, the drculation of the right arm and right leg were completely 
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occluded simultaneously by suddenly increasing the pressure in blood 
pressure cuffs applied to the right arm and right thigh above the 
elbow and knee, respectively. 

The results are summarized by Figures 12 and 13 and 14. These 
Figures show a slight difference between the subjects with psycho- 
neurosis and those with trench foot. Although these 38 patients 
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Fig. S. This graph represents the changes in temperature of the various parts 
during the occlusion-reactive hyperemia test in normal subjects and patients with 
Class I trench foot. The zero or reference temperature is that recorded just before 
occlusion of the circulation to the feet. The graph represents the changes in 
•temperature shown in Figure 2 without noting the absolute temperature values. 


were supposed to have uncomplicated psychoneurosis, one had had 
trench foot in November, 1944, two had marked epidermophytosis of 
the feet with secondary infection, one was recuperating from the 
severe type of fungus infection of the feet contracted in the Southwest 
Pacific area (“Jungle Rot”), one was receiving atabrine, and several 
had received bullet wounds affecting the limbs (one of the right foot, 
one of the knee, one of the lumbar vertebrae, and one of the right 
hand). These wounds were essentially but not completely without 
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symptoms. Several of these subjects reacted to the occlusion-reactive 
hyperemia test as the Class la or Class Ib trench foot subjects. This 



Fig. 6. Tracings of the ocdusion-reactive hyperemia test for the right and left 
feet. Each tracing represents a composite of recordings for ten normal subjects. 

See tes± for description of ocdusion-reactive hyperemia test and other details 
of the reactions. 

was particularly true of those patients with the fungus infections of 
the feet and the patient who had had trench foot. None of these 
subjects, however, showed as marked a reaction as the Class Ic chronic 
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trench foot patient. All patients with psychoneurosis, regardless of 
the presence or absence of complications, were included in compiling 



Fig. 7. Tracings of the occlusion-reactive hyperemia test for the right and 
left feet. Each tracing represents a composite of recordings for ten Class la 
trench foot subjects. 

See text for description of ocdusion-reactive hyperemia test and other details 
of the reaction. 

Figures 13 and 14. If those patients with the complicating states 
were excluded, the differences between the patients with Ib or Ic 
trench foot and those with psychoneurosis would be greater. In the 
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construction of Figure 14, those patients with psychoneurosis who 
had the complications mentioned above were not used. 



Fig. 8. Tracings of the occlusion-reactive hyperemia test for the right and left 
feet Each tracing represents a composite of recordmgs for ten Class Ib trench 
foot subjects. 

See text for description of occlusion-reactive hyperemia test and other details 
of the reaction. 

In the finger tips of both the patients with trench foot and the 
patients with psychoneurosis there was a sharp drop after occlusion 
and a rise after release which did not attain the Phase I temperature 
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Fig. 9. Tracings of the ocdusion-reactive hyperemia test for the right and left 
feet. Each tracing represents a composite of recordings for Class Ic trench foot 
subjects. 

See text for description of ocdusion-reactive hyperemia test and other details 
of the reactions. 

levels. This marked drop is probably the result of the marked differ- 
ence between the finger tip and room temperature, while in the toes, 
when this marked temperature gradient did not exist, the temperature 


Fig. 10. This graph summarizes the temperature values for various portions 
of the feet and the tip of the middle fingers of 10 normal and 16 Class I trench foot 
(8 Class la, 3 Class Ib, and S Class Ic) subjects. All conditions prevailed as for 
Figures 1 and 2 except that the room was slightly colder, 18.3°C. (6S°F.). 
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TABLE 3 

Tht Change in Temperature of Various Portions of the Feel and Tip of the Right Middle Finger Following the Occlusion-Reactive Hyperemia Test 
Statistical constants are shown for patients with mild chronic trench foot and normal subjects. All temperature values are in degrees centigrade. 
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changes were not nearly so great. These differences in initial levels 
of the finger tips and toe tips is an expression of differences at least 
in their local circulations. The finger, with its known extensive 
vascularity and many glomi, would be expected to have a higher 
temperature. 

These differences probably explain the marked rise in the tempera- 
ture of the finger-tip after release with the only relatively slight rise 
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Fig. 11. This graph represents only the changes in temperature for the parts 
during the occlusion-reactive hyperemia test shown in Figure 10. The zero value 
or reference temperature is that noted just before occlusion of the circulation to 
the feet. Absolute values are not indicated. 


in the temperatures of the toes. The qualitative nature of the re- 
actions in the finger and toe tips were the same, however. 

3. Posterior Tibial Nerve Block: Posterior tibial nerve block was 
employed to eliminate, for all practical purposes, nervous control of 
the vessels in the foot. Temporary blocking of the posterior tibial 
nerve with procaine at the lower border of the medial malleolus ob- 
tained a warm, dry foot with anesthesia of the sole in the cutaneous 
distribution of the medial and lateral plantar nerves, terminal branches 
of the posterior tibial nerve. This nerve block removed vasocon- 
strictor influences initiated by psychogenic, reflex and environmental 
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stimuli. Thus an opportunity was provided for study of circulatory 
responses uninfluenced by nervous control. Vasospasm was elim- 
inated, and almost complete potential blood flow to the plantar 
portions of the foot was attained and evaluated. Although posterior 
tibial nerve block falls short of complete obliteration of nervous 

■ Xrench Toot 



Fig. 12. This graph summarizes the temperature observations made before, 
during occlusion and after release of the circulation of the right foot and right 
hand. Trench foot and psychoneurotic subjects are compared. The graph 
shois's both the absolute values (lower column graph) and the changes in tempera- 
ture only (upper line graphs). Consult the te.vt for details. 

There were 29 patients of whom 18 were psychoneurotic and 11 had trench 
fooL They were studied during a single week. 

vasoconstriction and is inferior to spinal anesthesia or lumbar sympa- 
thetic block for that purpose, the ease and simplicity of this procedure 
offset the failure to obtain complete removal of all vasoconstriction. 
Lumbar sjmpathetic block has the additional advantage of producing 
no anesthesia in the foot and no motor paralysis in some of the intrinsic 
muscles in the sole of the foot. The features of anesthesia of the sole 
of the foot in the distribution of the medial and lateral plantar nerves 



32 


BURCH, MYERS, PORTER AND SCHAFPER 


and paralysis of some of the intrinsic muscles in the sole of the foot 
interfere slightly with walking for the duration of action of the anes- 
thetic agent used in blocking. Simultaneous bilateral blocking is 
therefore not advised. 


— T’rericH Tbot 
P»4choneu.rosis 



Fig. 13. This graph summarizes the temperature observations made before 
during occlusion and after release of the circulation of the right foot and right 
hand. The graph shows both the absolute values (lower column graph) and the 
changes in temperature only (upper line graphs). Consult the text for details. 
Trench foot and psychoneurotic subjects are compared. 

There were 76 observations upon 62 subjects of whom 38 had psychoneurosis 
and 24 had trench foot. They were studied over a period of several weeks, most 
of them being studied at least twice. 

The method used in producing the posterior tibial nerve block: 
The skin was prepared with a suitable antiseptic (denatured 70 per 
cent alcohol). A point was selected at the junction of the anterior 
third and posterior two thirds of a line drawn from the center of the 
medial malleolus to the junction of the plantar and posterior point 
of the heel. A wheal was produced with 1 cc. of 2 per cent procaine 
at this point with a small syringe and 24 gauge hypodermic needle. 
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Fig. 14. Temperature observations before, during and after release of occlusion 
of the circulation of both upper and lower right extremities. These tracings repre- 
sent a composite of the curves of 10 psychoneurotic patients and 10 trench foot 
patients. 

A 19 gauge needle was then introduced perpendicularly through the 
anesthetized skin down to the bone and 10 cc. of 2 per cent procaine 
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Procaine block oF' 



Fig. is. Temperature observations of the combined effects of posterior tibial 
nerve block and the occlusion-reactive hyperemia test. Only the right posterior 
tibial nerve was blocked in each case. The occlusion-reactive hyperemia test was 
applied to both feet, not to the hands. 

These curves represent the composite recordings of 10 normal male subjects. 



Fig. 16. Temperature observations of the combined effects of posterior tibial 
nefve block and the ocduslon-reactive hyperemia test. Only the right posterior 
tibial nerve was blocked in each case. The occlusion-reactive hyperemia test 
was applied to both feet, not to the hands. 

These curves represent the composite recordings of 10 normal female subjects. 

was injected. Within 15 to 30 minutes the maximum effect was 
reached as measured by (1) anesthesia of the sole of the foot in the 
cutaneous distribution of the medial and lateral plantar nerves; (2) 
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a definite rise in temperature and (3) a cessation of local sweating. 
The full effect was maintained for approximately one hour with a 
gradual decline during the next hour. 

Application of posterior tibial nerve block to circulatory studies: 
Studies similar to those described above were conducted upon 12 
subjects with Class la trench foot, 12 patients with psychoneurosis, 
19 male normal subjects and 19 normal females. The only new 



Fig. 17. Temperature observations of the combined effects of posterior tibial 
nerve block and the ocdusion-reaclivc hyperemia test. Only the right posterior 
tibial nerve was blocked in each case. The occlusion-reactive hyperemia test was 
applied to both feet, not to the hands. 

These curves represent the composite recordings of 10 psychoneurotic subjects. 

factor added to the occlusion-reactive hyperemia test was the intro- 
duction of unilateral posterior tibial nert'e block. A condensation 
graph of the results in 10 subjects was made in each series. The 
Class la trendi foot cases closely paralleled the normal controls. 
(Figures 15, 16, 17 and 18). The reactions in the female showed no 
distinctive differences from those in the males e.\-cept tliat it required 
from 10 to 15 minutes longer for them to reach thermal stability. 
The curves of the normal subjects and patients with ps>’choneurosis 
and trench foot showed close similarity. The curve for the right 
middle finger in the psydioneurotic shov.-ed a high initial temperature. 
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reaching maximum temperature of 33.4°C. during the first ten minutes 
in the constant temperature room but fell shortly afterwards to 30.7°C. 
This might be an expression of vasomotor instability. Apparently 
a very high degree of vasodilatation was obtained with blocks because 
the peak temperature reached after block was not exceeded by the 
combined effects of block and reactive h 5 rperemia. The fact that 
the blocking of one extremity had very little influence over the other 
is also interesting and important, for then the unblocked extremity 



Fig. 18. Temperature observations of the combined effects of posterior tibia 
nerve block and the occlusion-reactive hyperemia test. Only the right posterior 
tibial nerve was blocked in each case. The occlusion-reactive hj^jeremia test was 
applied to both feet, not to the hands. 

These curves represent the composite recordings of 10 Class la trench foot 
subjects. 

served as a good control for the blocked one. The slight rise in the 
temperature of the finger simultaneously with the fall in temperature 
of the lower extremity was quite constant throughout these studies. 
There seemed to be an inverse ratio between the degree of fall in 
temperature of the part occluded and the degree of rise in temperature 
of the hand with its circulation intact. An adequate explanation for 
this phenomenon is still wanting. There was a distinct fall in tempera- 
ture following occlusion in the foot with the nerve block. Simultane- 
ously no fall following occlusion was noted in the foot without nerve 
block. The temperature before occlusion of 36.4°C. in the trench 
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foot patients in the right great toe with the nerve block, fell to 30.6°C. 
during occlusion of the circulation to the toe, whereas in the left big 
toe without nerve block the temperature was 23.0°C. at the onset of 
occlusion. The temperature fell only 0.5°C, .that is, to 22.5°C. 
Apparently the higher the temperature at the beginning of occlusion 
and the more profound the vasodilatation, the greater the fall in 
temperature following occlusion, and the greater the rise during the 
phase of reactiye hyperemia. 

An interesting physiologic fact is here demonstrated. The total 
number of degrees rise following nerve block in the right great toe 
of the Class la trench foot was 12.2°C. This maximum was not 
exceeded in spite of the additional vasodilating influence of reactive 
hyperemia, indicating that the removal of neurogenic vasomotor tone 
had resulted in a maximum temperature rise in the right great toe. 
In the foot without nerve block the temperature rise in the great toe 
following release of occlusion was only 1.7°C. or only about one sixth 
the rise obtained in the foot with nerve block. Evidently reactive 
hyperemia of 15 minutes is not a very adequate method by which to 
obtain a high degree of vasodilatation and does not adequately demon- 
strate the full potentialities of the local circulation. The advantage, 
however, of reactive hyperemia as a test for disease in trench foot 
over vasodilatation produced by interruption of nervous impulses 
lies in the fact that this type of reaction occurs under integrating 
influences of the existing physiologic factors concerned with controlling 
the circiflation of a part. A less artificial situation exists in the im- 
blocked extremity. Therefore conditions regulating vessel caliber 
can be integrated in a fashion more closely resembling that existing 
in the normals when reactive hyperemia is employed without nerve 
block. 

There is a similarity between the curves of normal males, females, 
psychoneurotics and Class la trench foot subjects. The tendency of 
the female subjects to take considerably longer than the males to 
reach stabilixed temperatures warrants explanation. Motivated by 
modesty, these subjects refused to strip nude. They always wore 
their underclothing and frequently did not remove their khaki shirts. 
The importance of stripping the subjects nude has been stressed 
{vide supra). It is a known fact that coverings and warming of the 
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trunk will raise the temperature of the extremities, a phenomenon 
that most probably occurred in the female subjects and resulted in 
warmer hands and feet than in the male subjects. 

4. Patients with Miscellaneous Vascular Diseases: Eight subjects 
with other types of abnormalities were subjected to the occlusion- 
reactive hyperemia test. They were: one with acute alcoholism, one 
with frostbite, one with uninjected varicose veins, five with severe 
(Class III) trench foot. The subjects with acute alcoholism and 
frostbite reacted in a fashion similar to the patients with Class Ib 
or Ic trench foot. The patient with varicose veins reacted in a normal 
fashion. The patients with Class III trench foot had no toes and in 
some instances had lost the distal portions of their metatarsals. With 
only two exceptions the terminal portions of the involved parts had 
infected draining ulcers. These lesions made it difficult to apply the 
thermocouples properly and, of course, toes could not be studied. 
The reactions noted for areas in the region of the distal ends of the 
metatarsals were difficult to interpret and compare with the reactions 
found in patients with intact feet because of the difference in tissue 
mass between the two groups and the presence of infected ulcers. As 
a matter of fact, the reactions found were similar to those described for 
Class la, Ib and Ic trench foot. 

B, Miscellaneous Quasi-objective Tests 

While performing the occlusion-reactive hyperemia tests, certain 
observations of a none too exact and objective nature were made. 
These extra observations required relatively little effort. Each is 
discussed below. 

1. So-called ''state of vascular tone": Naide (8 and 9) claims that by 
measuring the temperature of the pad of the tip of the middle finger 
of a nude, fasting subject covered only with a cotton sheet and resting 
in bed in a room at 20°C. (68°F.) for 15 minutes he can determine the 
state of the subjects vascular tone. In order to apply Naide’s observa- 
tions in our study, his procedure was followed in nearly all of the 
normal and abnormal subjects studied. 

The results of the test of Naide are summarized by Table 4 and 
Figure 19. Only 10.3 per cent of the normal male subjects and only 
15.8 per cent of the females had temperatures below 25°C. Seven and 



PHYSIOLOGIC RESPONSES IN TRENCH FOOT 


39 


TABLE 4 

Temperature of the Tip of the Right and Left Middle Finger at the End of 15 Minutes 
Rest in a Room at 20°C. {68° F.) of Patients with Mild Chronic Trench Foot 
and Control Subjects 



NEUROSIS 


Fig. 19. This graph summarizes the observations of “Vascular Tone” (Naide®'®), 
the temperatures being of the tip of the right and left middle fingers of the subjects 
at the end of IS mmutes’ rest in a room temperature of 20°C. (68°F.). See text 
for details. 
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one tenths per cent of the patients with Class la trench foot, 25 per 
cent of the Class Ib, 5.3 per cent of Class Ic or 9.9 per cent of the 
total trench foot group had temperatures of the finger tip below 25°C. 
There were 13.5 per cent of the patients with psychoneurosis and 27.3 
per cent of the miscellaneous group with temperatures below 25°C. 
Using Naide’s criteria, it was found, therefore, that vascular tone 
among the trench foot patients was slightly less than that among 
the normal and psychoneurotic subjects and definitely less than found 
in the miscellaneous group of patients. In Naide’s normal subjects 
over 50 per cent were found to be vasospastic, while in normal sub- 
jects in this study only slightly more than 10 per cent were found to 
be vasospastic. Since these studies were performed in New Orleans 
in the summer time, it is possible that climatic conditions may explain 
these differences. It is felt, however, that before Naide’s test can be 
accepted for general use such variables as climate should be investi- 
gated. In any case, this test for vasomotor tone proved to be of 
little value in the study of patients with mild chronic trench foot. 

2. Skin Color: Because of the variations in skin color in trench foot 
during various stages of the disease an attempt was made to quantitate 
the color phenomena noted during the three phases of the occlusion- 
reactive hyperemia test. Lewis’ color charts (10) were employed for 
quantitating the colors in some of the normal and trench foot subjects. 
Near the end of Phase I, that is, just before occlusion of the circulation, 
and three minutes before the end of Phase II or near the end of the 
period of occlusion, the colors were estimated. Since there were 
marked variations in the nature of the skin color over various portions 
of the feet, only the color of the toes and dorsal areas of the feet near 
the toes was studied. These areas were chosen since they are fre- 
quently involved in trench foot. Color readings were therefore ob- 
tained for the subject resting horizontally in bed in a constant tem- 
perature room before his circulation was disturbed and another reading 
was obtained after 12 minutes of complete arrest of the circulation, 
before it had been released again. 

The results are summarized by Tables 5, 6, 7, and 8. It can be seen 
from the Tables that the feet of the normal subjects, during the resting 
period, had a pale pink color with an occasional one showing a bluish 
hue to the background of color. After 12 minutes of complete arrest of 
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TABLE 5 

Quasi Objective Observations on 18 Normal Subjects 

The studies are concerned with measurements of the rate of refilling of pressure emptied skin vessels. The flush of reactive hyperemia, 
and variation in skin color measured by Lewis color chart. 
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Quasi Objective Observations on SS Class la Trench Foot Subjects 
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These studies are concerned with the same features as in Table 5. 


























TABLE 8 

Quasi Objective Observations on 4 Class le Trench Fool Subjects 
These studies are concerned with the same features as in Table S. 
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tibe circulation, the bluish background increased in intensity with the 
associated development of marked mottling (Bier’s spots). Some of 
the blotches were almost purple in color, while others were white or 
apparently devoid of blood. The white blotches suggested islands of 
marked vasoconstriction. These areas of white blotches would often 
expand slowly centrifugaUy. The patients with mild chronic trench 
foot, Class la, tended to resemble the normal subjects except that there 
was, in many cases, decidedly more cyanosis, or blueness, to the back- 
ground color both before and during occlusion of the circulation. The 
subjects with more advanced disease. Class Ic, showed much more 
evidence of cyanosis, even color values of i and h (10) were encountered 
before occlusion. Occasionally there was a reddish purple color to the 
background, a V color, for example. During the occlusion, the cyano- 
tic color became much more intense than in the normal. The skin 
color findings in the moderately severe trench foot patients, Class Ib, 
were essentially in between that for the Class la and Ic patients. 

In several instances, the deep purple which developed in the toes, 
usually in the areas where a previous mass of superficial tissue had 
undergone gangrenous changes, was very slowly displaced by the hy- 
peremia following release of the circulation. It required, at times, as 
long as 180 seconds for the medical aspect of a big toe to become hy- 
peremic or for the cyanosis to be completely displaced. In the normal 
subjects the flush of the reactive hyperemia reached the toes within 60 
seconds, usually within 15 seconds, after release of the circulation. 

3. The Reactive Hyperemia: During the occlusion-reactive hypere- 
mia test, the reactive h3q)eremia or flush was studied in the toes in some 
of the normal and trench, foot subjects to learn if there were any dif- 
ferences between the two groups of subjects: (1) in the time of onset in 
the toes; (2) in the length of time required for it to reach a maximum 
and (3) in the degree of flush developed. Since Lewis’ color charts (10) 
did not lend themselves to an estimation of the degree of the flush, an 
arbitrary set of standards was established. The greatest degree of 
flush was considered a six pins Hush and no flush as zero Hush, thus 
making it possible to delineate seven grades’ of intensity of flush. The 
time of onset and time required for a maximum flush to be reached were 
measured in seconds from the moment of release of the circulation fol- 
lowing the period of occlusion. Since it was impractical to estimate 
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these phenomena for both feet, only the toes of the right foot were ob- 
served. All of these measurements were performed by one person , who 
became quite proficient and trained in the estimations, and who was 
unaware of the interpretation of his findings. 

These results are summarized by Tables 5, 6, 7, and 8. It can be 
seen that in general there was no significant difference in the time re- 
quired for the flush to appear or for the maximum degree of flush to be 
reached. There was, however, a greater intensity of flushing in the 
patients with Classes Ib and Ic trench foot than in the normal subjects 
or the Class la trench foot patients. 

4. Rale of Refilling of Skin Vessels: During the course of the occlu- 
sion-reactive hyperemia test, the length of time required for the vessels 
of the skin to refill once they had been emptied by pressure was esti- 
mated. This was done on the medial aspect of both toes, where super- 
ficial gangrene often develops in trench foot. These measurements 
were made in some of the normal and trench foot subjects. Pressure 
was applied firmly by grasping the medial aspects of the big toes with 
the thumb and the lateral aspects with the index and middle fingers. 
The pressure was maintained for about two seconds and then suddenly 
released, the time required for the blanched area fully to regain its 
color was measured in seconds. An effort was made to succeed with 
the measurements on the first attempt since the vessels were most 
probably altered locally by the pressure and ischemic effects, rendering 
succeeding measurements valueless. Such a measurement was made 
two minutes after entrance of the subject in the air conditioned room, 
again after 15 minutes in the room, and then at the conclusion of the 
occlusion-reactive h 5 q)eremia test just before the subject got out of 
bed to dress. 

The results of these observations are shown in detail in Tables 5, 6, 
7, and 8. The initial rate of refilling of the blanched skin vessels was 
greater in the normal subjects and those with Class Ic trench foot than 
in those with Classes la or Ib trench foot. However, as the subjects 
rested in the room at 20‘’C. (68°F.), the rate of filling of the blanched 
vessels of the skin decreased only slightly in the subjects with Class Ic 
trench foot, but decreased markedly in the normal subjects and in 
Class la trench foot patients. Those patients with Class Ib trench 
foot showed a decrease in the filling rate which was intermediate be- 
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tween that of the normal subjects and the Class Ic trench foot patients; 
There were essentially no differences in the refilling time in the right 
and left toes. These results indicate a much more labile blood supply 
in the normal subject, that is, a blood supply more adaptable to en- 
vironmental cooling. The results, furthermore, indicate the fact that 
under the influence of cooling a greater amoimt of vasospasm occurred 
in the normal than in the Class Ic trench foot subject. For example, in 
the normal subject after 15 minutes of cooling the mean refilhng time 
for both feet increased from 4.6 seconds to 8.0 seconds, an increase of 
74 per cent. By the end of the experiment, the mean refilling time for 
both feet had reached 11.2 seconds, or an increase of 143 percent over 
the initial refilling time. In the Class Ic trench foot patients the mean 
initial refilling time for both feet was 4.1 seconds, and at the end of 15 
minutes’ stay in the cool room it had reached 5.3 seconds, an increase 
of only 29 percent. By the end of the experiments the refilling time 
had reached a mean of only 6.4 seconds or an increase of 56 percent over 
the initial mean. 

This failure of the circulation of the foot of the trench foot patient 
to respond to environmental cooling, at least so far as the skin is con- 
cerned, may be an important factor in the subsequent sensitivity of 
these patients to extremes of environmental cold. The failure of 
trench foot to show a normal vasospastic response under the influence 
of the cool room may be evidence of nerve damage secondarily 
involving arteriolar function, rendering the nervous system less effec- 
tive in pacing the arteriolar caliber to environmental needs. This 
failure is also concerned with local chemical vasodilating factors asso- 
ciated with inflammation. 

C. Temperature of Various Parts of the Foot at Rest 

During the course of the occlusion-reactive hyperemia test, the tem- 
perature of various parts of the feet was noted at the end of the first IS 
minutes’ rest in bed in the observation room. Preliminary and orien- 
tation studies suggested that there might be a difference in the resting 
temperature of the feet imder constant room conditions. The results 
are summarized by Table 9, and Figures 20 and 21 . It can be seen 
that the patients with chronic trench foot tend to have warmer feet in 
direct ratio with the severity of their disease than the normal subjects 
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or the patients with psychoneurosis. This is true not only for the foot 
as a whole but for the various individual portions of the feet studied 
(Figures 20 and 21 and Table 9). For example, the mean temperatme 
for the four areas of the right foot of the patients with trench foot was 
27.49 db 0.27°C., for the same four areas on the left foot 26.87 ± 
0.24°C., and for both feet together 27.18 ± 0.18°C. In the normal 
subjects, the mean temperature for the four areas of the right foot was 
25.67 ± 0.26°C., for the left foot 25.03 ± 0.08 C., and for both feet 
25.35 ± 0.23°C. Thus the feet of the trench foot patients tended to 
be about 2°C. warmer than the feet of the normal subjects. The dif- 
ferences for each of the mean values for the normal subjects and the 
patients with trench foot were highly significant, with the probability 
of error varying from one in 31 to one in 6.5 million, depending upon 
whether or npt a comparison is made between the warmest normal foot 
and the coldest trench foot temperature values (9). The mean values 
and statistical constants for the various areas of the feet are shown in 
the Table 9. 

The mean temperature of the right big toe of the psychoneurotic 
patients was 25.2°C.; this is essentially 2.1°C. lower than that of the 
trench foot patients. The temperature of the various areas of all the 
feet studied tended to follow that for the right big toe as a whole. 

From these observations it became obvious that temperature levels 
greater than 27°C. were more frequently encountered for various por- 
tions of the feet of patients with trench foot at the end of 15 min'utes 
in bed in a room at 20°C. than in a comparable group of normal sub- 
jects or patients with psychoneurosis. In the control subjects (nor- 
mal male and female and psychoneurotic) there were relatively few 
temperature values above 27°C. For example, when considering 136 
temperature measurements for various portions of both feet of normal 
males only 22, or 16.2 per cent were greater than 27°C., and none of 
these was greater than 29°C. On the other hand, of 351 temperature 
measurements of both feet of the trench foot patients 161 values or 
45.9 per cent were greater than 27°C. Essentially the same relation- 
ships hold for the various portions of the feet when considered separ- 
ately (Figures 20 and 21). 

The more severe the chronic trench foot, the higher the temperature 
observed for the feet. For example, it was found that the mean tern- 



TABLE 9 

Slatislical Constants for the Temperature in Degrees Centigrade for Various Portions of the 
Feet of Patients with Mild Chronic Trench Fool and Control Subjects 
The temperature values were obtained at the end of 15 minutes rest in bed in a room 
at 20‘’C. (68°F.). See the text for details. 




JUNGS 

STANDARD 

DEVIATION 

COEPFICIENt OT 
VALUATION 

Normal male soldier 

Right foot 

25.67 ± .26 

22.0-30.4 

3.3 d= .2 

12.9 ± .7 

Left foot 

25.03 ± .08 

21.2-31.0 

3.7 ± .2 

14.8 ± .9 

Both feet 

25.35 ± .23 

21.2-31.0 

4.1 ± .2 

1 

16.2 ± .7 

Rt. bunion area 

27.28 ± .32 

25.1-29.5 

2.0 ± 0.2 

7.3 ± 0.8 

Rt. big toe tip 

25.08 ± .41 

22.7-29 

2.6 db .3 

10.4 ± 1.2 

Rt. 2nd toe tip 

24.44 ± .37 

22 -30.4 

2.3 ± .3 

9.4 ± 1.1 

Rt. corn area 

25.78 db .38 

23 -30 

2.4 ± .3 

9.3 d: 1.1 

Lt. bunion area 

26.64 ± .45] 

23 -29.9 

3.6 ± .4 

13.4 ± 1.5 

Lt. big toe tip 

24.39 ± .5 

21.7-31 

3.2 de .4 

13.1 db 1.5 

Lt. 2nd toe tip 

23.72 ± .40 

21.2-29.9 

2.5 ± .3 

10.5 db 1.2 

Lt. com area 

25.17 db .43 

22.8-21.2 

2.7 ± 

10.7 ± 1.2 

Trench foot la 

Right foot 

26.65 ± .29' 

22.2-34.2 

4.4 ± .2 

16.5 db .8 

Left foot 

26.44 ± .271 

22 -33 

4.1 ± .2 

IS. 5 ± .7 

Both feet 

27.06 ± .19' 

1 

22 -34.2' 

1 

4.2 ± .1 

IS.S d: .5 

Rt. bunion area 

27.83 ± .51 

24.2-30.8 

3.9 ± .4 

14.0 ± 1.3 

Rt. big toe tip 

26.26 ± .50 

22.2-34.2 

3.8 ± .4 

14.5 d: 1.4 

Rt. 2nd toe tip 

25.76 ± .50 

22.8-34.1 

3.8 ± .4 

14.8 ± 1.4 

Rt. com area 

27.06 ± .33 

23.3-30.7 

2.5 ± .2 

9.2 d: .9 

Lt. bunion area 

27.47 ± .30 

23.6-30.8 

2.3 ± .2 

8.4 ± .8 

Lt. big toe tip 

26.11 ± .49 

22 -31.8 

3.7 db .3 

14.2 ± 1.3 

Lt. 2nd toe tip 

25.46 ± .45 

22.8-33 

3.4 ± .3 

13.4 ± 1.3 

Lt. com area 

26.50 ± .4 

25.2-29.7 

3.1 d: .3 

11.7 d: 1.1 

1 

Trench foot lb 

Right foot 

27.63 db .49 

23.9-34.1 

4.1 ± .3 

14.8 zh 1.3 

Left foot 

25.31 db .33 

22.6-28.2 

2.8 d= .2 

11.1 ± .9 

Both feet 

1 26.48 ± .33 

1 

22.6-34.1 

3.9 ± .02 

If 7 d: .1 

Rt. bunion area 

28.8 

24.8-29 

2.37 

8.23 d: 2.06 

Rt. big toe tip 

28.1 

23.9-33 

3.56 

12.67 d: 3.17 

Rt. 2nd toe tip 

27.0 

24 -33.4 

3.42 

12.67 ± 3.17 

Rt. com area 

26.7 

26.8-34.1 

1.59 

5.96 dr 1.49 
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TABLE 9 — Continued 


Trench foot lb — Continued 



1IEA27 

fiANGi: 

STANDARD 

DEVIATION 

COEFFICIENT OF 
VALUATION 


26.5 

24 -28 

1.19 

4.49 zb 1.12 


25.2 

22.6-27.9 

1.61 

6.39 zb 1.60 


24.3 

22.9-28.2 

1.62 

6.67 zb 1.67 


25.4 

25 -28.1 

1.31 

5.16 zb 1.29 



Trench foot Ic 


Right foot 

29.50 zb .57 

24.8-33.5 

5.1 zb .4 

17.3 zb 1.4 

Left foot 

29.47 zb .58 

24.8-35.4 

5.1 zb .4 

17.3 ± 1.4 

Both feet 

29.49 zb .04 

24.8-35.4 

5.2 ± .3 

17.6 zb 1.0 

Rt. bunion area 

29.8 

24.8-32.2 

2.29 

7.68 zb 1.81 

Rt. big toe tip 

29.9 

24.9-31.4 

3.19 

10.67 db 2.52 

Rt. 2nd toe tip 

28.0 

26 -33.5 

2.85 

10.18 zb 2.40 

Rt. com area 

30.0 

26.3-32.9 

2.23 

7.43 zb 1.75 

Lt. bunion area 

29.8 

25.2-33.9 

1.86 

6.24 zb 1.56 

Lt. big toe tip 

30.2 

24.8-31.3 

2.42 

8.01 zb 1.89 

Lt. 2nd toe tip 

27.6 

24.8-35.4 

2.09 

. 7.57 zb 1.78 

Lt. com area 


26.6-32.2 

3.03 

10.10 zb 2.38 

Entire group of trench foot 

Right foot 

27.49 zb .27 

22.2-34.2 

5.2 zb .2 

18.9 zb .7 

Left foot 

26.87 zb .24 

22 -35.4 

4.6 zb .2 

17.1 zb .6 

Both feet 

27.18 zb .18 

22 -35.4 

4.9 zb .1 

18.0 zb .5 

Rt. bunion area 

28.43 zb .49 

24.2-32.2 

4.8 zb .4 

16.9 zb 1.26 

Rt. big toe dp 

27.43 zb .51 

22.2-34.2 

5.0 zb .4 

18.2 db 1.4 

Rt. 2nd toe tip 

26.50 ± .47 

22.8-34.1 

4.6 zb .3 

17.4 zb 1.3 

Rt. com area 

27.59 zb .34 

23.3-34.1 

3.3 zb .2 

12.0 zb .9 

Lt. bunion area 

27.76 zb .25 

23.6-33.9 

2.4 ± .2 

8.6 zb .6 

Lt. big toe tip 

26.75 zb .45 

22 -31.8 

4.4 zb .3 

16.4 zb 1.2 

Lt. 2nd toe tip 

25.77 zb .36 

22.8-35.4 

3.5 dz .3 

13.6 zb 1.0 

Lt. com area 

27.05 zb .41 

25 -32.2 

4.0 zb .3 

14.8 zb 1.1 

Psychoneurotic 

Rt. big toe tip 

25.3 zb .4 

21.8-31.0 

4.0 zb .3 

15.8 zb 1.2 

Rt. 2nd toe tip 

24.8 zb .30 

21.8-28.1 

3.3 zb .21 

13.3 zb 1.0 

Both toes 

25.33 zb .23 

21.8-35.9 

3.3 zb .2 

13.1 zb .7 
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Fig. 20. A spot and summary graph of the temperature values of various areas 
of the feet of normal subjects and patients with trench foot after IS minutes rest 
in bed in a room at 20°C. (68°F.). The temperature level of 27°C. (80.6°F.) was 
sdected as a dividing line which tends to indicate a difference in the temperature 
of the parts in the two groups of subjects. The numerators of the fractions shown 
represent the number of temperature values above 27°C. and the denominator 
represents the number of values below 27°C. The percent values represent the 
per cent of the total temperature measurements which were above 27‘’C. In the 
lower graph, the three subgroups of trench foot represent from left to right, Classes 
la, Ib and Ic respectively. 

perature of both feet was 26.5°C. in the patients with Class Ib chronic 
trench foot, while on the other hand the mean value was 29.4°C. for the 
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patients with Class Ic chronic trench foot. In the Class la chronic 
trench foot, of 215 temperature measurements of the feet, 84 or 39 per 
cent were greater than 27°C., while in the Class Ic chronic trench foot, 
53 of 70 temperature measurements or 75.7 per cent were greater than 
27°C. 


IS a £0 

5 5 39 71 

£6.7% 17.0% £1.9% 


IE 9 gj 
7 lO 17 

63.£% A1A% 55.5« 



Psyckon.6u.rotics ' WAGS 


Fig. 21. A spot and summary graph of the temperature values of various parts 
of the feet of psychoneurotic patients and normal female subjects of the Women’s 
Army Corps after 15 minutes rest in bed at a room temperature of 20°C. (68°F.). 
Twenty-seven degrees centigrade was selected as a dividing line with the fractions 
and percentage values as indicated in Figure 20. 


It is imderstood that where gangrene is present, as is foimd in Class 
III trench foot, these observations may not necessarily apply. The 
values would depend upon the degree of gangrene and the site of appli- 
cation of the thermocouples. The temperature of the involved part 
would not reflect the temperature of the foot as a whole, since the very 
existence of gangrene demonstrates occlusion of the circulation. 
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D. Rate of Water Loss Through the Skin and Sweating 

The rates of water loss through the skin of subjects with mild chronic 
trench foot (Classes la, Ib, Ic) and normal controls were studied 
simultaneously in a comfortable environment (temp. 20.3°C. (68.5°F.), 
74 per cent mean relative humidity). Following these measurements 
under comfortable environmental conditions the room atmosphere was 
made hot and hiunid (mean temp. 48.7°C. (119.8°F.); mean relative 
hmnidity 53 per cent). Details of the environmental conditions are 
indicated in Tables 10 and 11. Since it was unnecessary, room con- 
ditions were not controlled too closely from experiment to experiment. 
The rates of water loss by sensible sweating were measured. 

Methods used in these studies are those described elsewhere (11, 12). 
The measurements are direct and gravimetric. A normal and a trench 
foot subject rested in separate adjacent beds during these measure- 
ments, thus controlling in each experiment any variations in the 
environmental and other conditions. By such simultaneous measure- 
ments, although the conditions of the environments might vary some- 
what from experiment to experiment, and by the mere fact that a nor- 
mal and a trench foot subject were studied simultaneously under the 
same enviromnental conditions, any differences for the two groups of 
subjects (normals and trench foot) will be significant and adequately 
controlled. A five square centimeter area on the sole and dorsum of 
the right foot of 25 normal male subjects and 25 patients with trench 
foot was observed. The collections of sweat were made for 15 minute 
periods, three successive 15 minute collections being made for each 
environmental condition. The rates of water loss were expressed in 
milligrams per 10 square centimeters of skin area per 10 minutes. 

The results are siunmarized in Tables 10 and 11 and Figure 22. The 
mean rate of water loss in the comfortable environment for the dorsum 
of the foot of the normal subjects was 5.6 mg. per 10 cm® skin area per 
10 minutes (extremes 2.0 and 8.8) and the mean for the sole of the foot 
was 12.6 mg. per 10 cm® per 10 minutes (extremes 4.4 and 22.8). In 
the hot and humid environment the mean rate for the dorsum of the 
foot was 81.0 (extremes 33.6 and 151.2) and 33.8 (extremes 17.7 and 
70.0) for the sole. 

In the patients with trench foot the mean rate of water loss in the com- 
fortable environment was 5.6 mg. per 10 cm® per 10 minutes (extremes 
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TABLE 10 


The Rales of Water Loss in Comfortable and a Hot and Humid Environment from the Skin 
of the Dorsum and Sole of the Right Fool of 25 Normal Young Resting Adult Subjects 


COUPOSTABLE ENVlfiONUENT 

HOT and humid envibonment 

Subject 

Rate of 
water loss 
mg./lO 
cmVIO 
rnin. 

Room temperature 

Relative 

humidity 

% 

Rate of 
water loss 
mg./lO 

cm.ViO 

min. 

Room temperature 

Relative 

humidity 

% 

•F. ’C. 

•F. ‘C. 


Dorsum of foot 


W.H. 

6.2 

69 

20.5 

76 

126.4 


47.7 

76 

D.D. 

6.4 

68 

20.0 

80 

54.0 

19 

51.1 

48 

F.N. 

4.0 

68 

20.0 

1 

73.6 

120 

48.8 

53 

S.H. 

6.6 

68 

20.0 

76 

48.0 

118 

47.7 

51 

T.C.D. 

6.0 

69 

20.5 

85 

74.4 

120 

48.8 

55 

S.H.W. 

3.6 

68.5 

20.3 

83 

63.2 

124 

51.1 

52 

L.S. 

8.6 

68 

20.0 

71 

110.8 

124 

51.1 

52 

H.G. 

8.0 

68 

20.0 

80 

77.6 

119 

48.3 

55 

G.W. 

2.4 

67.5 

19.7 

73.5 

90.8 

120 

48.8 

55 

E.S.C. 

8.8 

68 

20.0 

80 

135.2 

115 

46.1 

80 

C.R. 

4.8 

70 

21.1 

72 

74.0 

126 

52.2 

44 

A.S. 

3.4 

68 

20.0 

64 

151.2 

118 

47.7 

64 

P.D. 

3.4 

68.5 

20.3 

71.5 

104.8 

124 

51.1 

103 

S.H. 

2.0 

68 

20.0 

71 

73.2 

122 

50.0 

46 

L.B. 

4.0 

69.5 

20.8 

70 

118.0 

120 : 

48.8 

47 

H.M. 

8.0 

67.5 

19.7 

78 

64.0 I 

116 

46.6 

57 

V.G. 

5.8 

69 

20.5 

63 

112.0 

120 

48.8 

51 

P.B.R., Dr. 

6.8 

69 

20.5 

72 

77.2 

122 

50.0 

52 

L.S. 

6.0 

67.5 

19.7 

73 

33.6 

105 

40.5 

69 

H.P. 

7.8 

69 

20.5 ! 

76 

84.4 

120 

48.8 

53 

W.K. 

5.8 

68.5 

20.3 

69.5 

51.2 

122 

50.0 

51 

S.S. 

6.0 

67.5 

19.7 

69 

34.0 

120 

48.8 

49 

F.N. 

5.8 

68 

20.0 

74 

53.6 

118 

47.7 

47 

J.B.F., Dr. 

6.0 

68 

20.0 

76 

96.4 

122 

50.0 

52 

J.C. 

4.2 

69 

20.5 

72 

50.4 

115 

46.1 

49.5 

msmm 

5.6 

68.4 

20.2 

73.7 

81.2 


mm 

52.8 


8.8 

70 

21.1 

85 

151.2 



100 

Min 

2.0 

67.5 

19.7 

63 

33.6 

IB 


44 


Sole of foot 


W.H. 

12.2 

69 

20.5 

76 

29.6 

118 

47.7 

76 

D.D. 

10.6 

68 

20.0 

80 

22.4 

124 

51.1 

48 

F.N. 

5.2 

68 

20.0 

67 

25.2 

120 

48.8 

53 

S.H. 

9.4 

68 

20.0 

76 

23.2 

118 

47.7 

51 
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TABLE 10 — Continued 


COIITORTABLE ENVIRONMENT 

1 

BOX AND EXnilD ENVIRONMENT 

Subject 

Rate of 
water loss 
mg./lO 
cm.VlO 
min. 

Room temperature 

Relative 

humidity 

% 

Rate of 
water loss 
mg./IO 
cm.VlO 
min. 

Room temperature 

Relative 

humidity 

% 

"F. 1 “C. 

•F. 'C. 


Sole of foot — Continued 


T.C.D. 

7.6 

69 

20.5 

85 

29.6 


48.8 

55 

S.H.W. 

17.0 

68. S 

20.3 

83 

28.0 

19 

51.1 

52 

L.S. 

10.8 

68 

20.0 

71 

25.6 


51.1 

52 

H.G. 

13.2 

68 

20.0 

80 

28.0 

119 

48.3 

58 

G.W. 

8.2 

67.5 

19.7 

73.6 

26.8 

120 

48.8 

55 

E.S.C. 

16.2 

68 

20.0 

80 

56.4 

115 

46.1 

80 

C.R. 

7.4 

70 

21.1 

72 

26.4 

126 

52.2 

44 

A.S. 

6.2 

68 

20.0 

64 

42.0 

118 

47.7 

64 

P.D. 

7.8 

68.5 

20.3 

71.5 

70.0 

124 

51.1 

103 

S.H. 

4.4 

68 

20.0 

71 

24.8 

122 

50.0 

46 

L.B. 

7.6 

69.5 

20.8 

70 

26.8 

120 

48.8 

47 

N.H. 

22.8 

67.5 

19.7 

78 

47.6 

116 

46.6 

57 

V.G. 

13.2 

69 

20.5 

63 

65.2 

mm 

48.8 

51 

P.B.R., Dr. 

10.2 

69 

20.5 

72 

36.8 

19 

50.0 

52 

L.S. 

10.6 

67.5 

19.7 

73 

41.2 

19 

40.5 

69 

H.P. 

7.0 

69 

20.5 

76 

17.6 

120 

48.8 

51 

W.K. 

9.0 

68.5 

20.3 

69.5 

50.8 

122 

50.0 

53 

S.S. 


67.5 

19.7 

69 

22.0 

120 

48.8 

49 

F.N. 


68 

20.0 

74 

27.6 

118 

47.7 

47 

J.B.F., Dr. 

10.4 

68 

20.0 

76 

24.8 

122 

50.0 

52 

J.C. 

7.8 

69 

20.5 

72 

26.4 

115 

46.1 

49.5 

Mean 

12.6 

68.4 

20.2 

73.7 



48.7 

52.9 

Max 

22.8 

70 

21.1 

85 


126 

52.1 

100 

Min 

4. 

67.5 

19.7 

1 

63 

17.7 

1.05 

40.5 

I 44 


2.0 and 19.0) for the dorsum of the foot and 10.8 (extremes 3.4 and 21.2 
for the sole. In the hot and humid environment, the mean rate for the 
dorsum of the foot was 86.1 (extremes 25.2 and 150.4) and 34.9 (ex- 
tremes 20.0 and 74.4) for the sole. It was found, therefore, that the 
rates of sensible perspiration (mainly water of diffusion through the 
skin) (13) and sensible perspiration were essentially the same in the 
normal and chronic trench foot subjects (Figure 22). 

In the comfortable environment the water loss was mainly by dif- 
fusion (13), and in the hot and hiunid environment the loss was mainly 
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TABLE 11 


The Rales of Water Loss in a Comfortable and a Hot and Bumid Environment from the Skin 
of the Dorsum and Sole of the Right Foot of 25 Resting Trench 
Fool Subjects of all Classes 


COUTORTAOIX ENVIRONlCENT 

HOT AND HUiUD ENVIRONMENT 

Subject 

Rale o{ 
water loss 
mg./lO 
cm.VlO 
min. 

1 

Room temperature 

1 

Relative 

humidity 

% 

Rate of 
water loss 
mg./IO 
cm.VlO 
min. 

Room temperature 

Relative 

humidi^ 

% 

•F. *C. 

•F. *0. 


Dorsum of foot 


F.W. 

4.6 

1 

69 

20.5 

76 

113.6 

19 


76 

J.A. 

7.2 

68 

20.0 

80 

70.8 

IB 


48 

WAV. 

2.0 

68 

20.0 

67 

56.0 

120 


53 

H.J. 

7.0 

68 

20.0 

76 

100.0 

118 


51 

W.H. 

4.0 

69 

20.5 

85 

90.8 

120 

48.8 

55 

C.S. 

19.0 

68.5 

20.3 

83 

98.0 

124 

51.1 

52 

J.C. 

5.8 

68 

20.0 

71 

118.4 

124 

51.1 

52 

CM. 

7.8 

68 

20.0 

80 

81.2 

119 

48.3 

55 

J.D, 

6.0 

67.5 

19.7 

73.5 

124.0 

120 

48.8 

55 

E.M. 

8.8 

68 

20.0 

80 

150.4 

115 

46.1 

80 

S.H. 

2.9 

70 

21.1 

72 

73.6 

126 

52.2 

44 

S.J.C. 

2.4 

68 

20.0 

64 

91.2 

118 

47.7 

64 

C.G. 

4.2 

68.5 

20.3 

71.5 

145.2 

124 

51.1 

103 

H.D. 

3.2 

68 

20.0 

71 

70.0 

122 

50.0 

46 

E.C. 

3.0 

69.5 

20.8 

70 

128.4 

120 

48.8 

47 

C.C. 

10.4 

67.5 

19.7 

78 

80.8 

116 

46.6 

57 

W.F. 

9.6 

69 

20.5 

63 

120.0 

120 

48.8 

51 

L.N. 

3.2 

69 

20.5 

72 

71.6 

122 

50.0 

52 

H.J. 

4.6 

67.5 

19.7 

73 

52.8 

105 

40.5 

69 

B.K. 

6.0 

69 

20.5 

76 

67.6 

120 

48.8 

53 

J.D. 

5.6 

68.5 

20.3 

69.5 

60.0 

122 

50.0 

51 

R.T. 

2.6 

67.5 

19.7 

69 

51.2 

120 

48.8 

49 

L.L. 

4.0 

68 

20.0 

74 

25.2 

118 

47.7 

47 

E.Mc. 

4.8 

68 

20.0 

76 

76.0 

122 

50.0 

52 

G.A. 

4.0 

69 

20.5 

72 

35.2 

115 

46.1 

49.5 


5.6 

68.4 

20.2 

73.7 

86.1 

119.6 

48.7 

52.8 


19.0 

70.0 

21.1 

85 

150.4 

126 

52.2 

103 


2.0 

67.5 

19.7 

63 

25.2 


40.5 

44 


Sole of foot 


F.W. 

19.8 

69 


76 

35.2 

118 

47.7 

76 

JA. 

10.6 

68 


80 

24.0 

124 

51.1 

48 

W.W. 

5.0 

68 

20.0 1 

67 

24.0 


48.8 

53 
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TABLE 11 — Continued 


COITFORTABLE ENYIBONIIENT 

HOT AND HUMID ENVIRONUENT 

Subject 

Rate of 
water loss 
mg./lO 
cm.VlO 
min. 

i 

Room temperature ; 

i 

Relative 

humidity 

% 

Rate of 
water loss 
mg./lO 
cm.VlO 
min. 

Room temperature 

Relative 

humidity 

% 

“F. “C. j 

“F. *0. 


Sole of foot — Continued 


H.J. 

12.0 

68 

20.0 

76 

24.4 

118 

47.7 

51 

W.H. 

16.2 

69 

20.5 

85 

22.0 

120 

48.8 

55 

C.S. 

21.2 

68. S 

20.3 j 

83 

24.8 

124 

51.1 

52 

J.C. 

16.2 

68 

20.0 I 

71 

24.4 

124 

51.1 

52 

C.H. 

11.2 

68 

20.0 

80 

32.4 

119 

48.3 

58 

J.D. 

8.0 

67.5 

19.7 

73.5 

23.2 

120 

48.8 

55 

E.M. 

10.0 

68 

20.0 

80 

98.8 

US 

46.1 

80 

H.S. 

9.8 

70 

21.1 

72 

48.0 

126 

52.2 

44 

S.J.C. 

8.2 

68 

20.0 

64 

48.4 

118 

47.7 

64 

C.G. 

3.6 

68.5 

20.3 

71.5 

28.4 

124 

51.1 

103 

H.D. 

3.4 

68 

20.0 1 

71 

28.8 

122 

50.0 

46 

E.C. 

7.2 

69.5 

20.8 

70 

43.6 

120 

48.8 

47 

c.c. 

14.0 

67.5 

19.7 ’ 

78 

30.4 

116 

46.6 

57 

W.F. 

16.2 

69 

20.5 j 

63 

74.4 

120 1 

48.8 

51 

L.N. 

8.8 

69 

20.5 

72 

39.6 

122 

50.0 

52 

H.J. 

10.6 

67.5 

19.7 1 

73 

34.0 

105 

40.5 

69 

B.K. 

6.0 

69 

20.5 

76 

26.0 

120 

48.8 

S3 

J.D. 

19.0 

68.5 

20.3 

69.5 

32.0 

122 

50.0 

51 

R.T. 

7.8 

67.5 

19.7 

69 

20.4 

120 

48.8 

49 

L.L. 

9.0 

68 

20.0 

74 

20.0 

118 

47.7 

47 

E.Mc. 

8.0 

68 

20.0 

76 

40.0 

122 

50.0 

52 

G.A. 

7.4 

69 

20.5 

72 

26.0 

115 

46.1 

49.5 

Mean 

10.8 

68.4 

20.2 

73.7 

34.9 

119.6 

48.7 

52.9 

Max 

21.2 

70.0 

21.1 

85 

74.4 

126 

52.1 

103 

Min 

3.4 

67.5 

19.7 

63 

20.0 

105 

40.5 

44 


by sensible perspiration or the secretion of sweat by the sweat glands. 
Figure 22 shows that under the influence of a strong stimulus (of a hot 
and hxunid environment) to sweating, sweating from the soles is stimu- 
lated relatively little the rate of the water loss being only about three 
times greater than that in a comfortable environment. On the other 
hand, the rate of water loss from the dorsum of the foot increased about 
14.5 times over that for the same area of skin in a comfortable en- 
vironment. In the conafortable environment, however, the rate of 
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■water loss was about twice as rapid from the skin of the sole as that 
from the skin of the dorsum of the foot. 





' IM o r rn aA ' Tr e nchTo ot — ' 

Fig. 22. The rates of water loss through the skin of Class I trench foot patients 
and normal control subjects compared for a comfortable environment (mean tem- 
perature 20.3°C. (6S.5°F.), mean humidity 74%) and a hot, humid environment 
(mean temperature 48.7°C. (IIP-S^F.), mean humidity 53%). An area of 5 square 
centimeters was selected for study on the sole and dorsum of the feet. 

The values 14.3, 2.7, 15.3 and 3.2 represent the number of times the rates of 
water loss increased in the hot and humid environment over that in the com- 
fortable en\’ironment. 

Since the number of sweat glands in the sole of the foot is essentially 
2.5 times the number per unit area on the dorsum and the rate of sweat 
water loss on the dorsum of the foot is essentiaU}’^ 2.5 times that on the 
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sole in the hot and humid environment, the individual sweat gland on 
the dorsum of the foot produced sweat at a rate over six times that of 
an individual gland of the sole when the environment was hot and 
humid. 

The finding of equal rates of sweating for the normal and trench foot 
subjects both in the comfortable and hot and humid environments cer- 
tainly indicates a normal functional state of the sweat glands in these 
mild chronic trench foot patients. This was true for all three grades of 
mild chronic trench foot, indicating that the functional repair of at least 
the superficial dermal structures had occurred even in Class Ic. Popoff 
(7) has found that the anatomic restoration of sweat glands occurs rela- 
tively early. 


IV. GENERAL DISCUSSION 

All considerations relevant to the above data must be influenced by 
the prime consideration that this discussion is limited to mild chronic 
trench foot. A period of at least five to nine months has elapsed be- 
tween the most recent exposure to the etiologic factors concerned with 
trench foot and these studies. Severe cases were not studied. Al- 
though many of the findings may very well apply in either more acute 
or more severe forms of the disease than are dealt with in this paper, 
since they have not been tested here, it is unsound to base any predic- 
tions on them. 

The fact that these studies were conducted in summer in New 
Orleans, where the weather is warm and hmnid, may have influenced 
these data. Naide (8, 9) had devised a test for vascular tone in man 
with criteria which do not apparently hold true in these studies. Per- 
haps the fact that his work was done in Philadelphia while this work 
was done in New Orleans may be the source of differences. Subjects 
acclimatized to warm humid weather may manifest differences in cir- 
culation from those subjected to a colder, drier climate in spite of the 
fact that both groups may be xmder identical conditions of temperature 
and humidity in the control room during the actual observations. 

A group of subjects were tested on a basal fasting routine and also 
from two to three hours after meals. No difference was demonstrated 
in these groups, as far as skin temperature is concerned; hence there is 
no need to interrupt the regular meal schedule. The only essential 
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factor is that at least two hours must elapse between the most recent 
meal and the test. 

An important consideration is the accurate (±0.25°C.) control of 
temperature in the constant temperature room. The skin thermo- 
couples are influenced by environmental temperature per se as -well as 
the temperature of the subjects’ skin. Variations in environmental 
temperature will therefore influence the temperature readings and pro- 
vide an important source of error. Since one is interested in variations 
in skin temperature only, the room temperature must be kept constant. 
Humidity control need not be as accurate as temperature control. A 
range of from 50 to 65 per cent is permissible. Humidity above or 
below these critical levels will produce either delayed or accelerated 
surface evaporation, and thus interfere with temperature control. 
This humidity range is not difficult to attain and quite comfortable for 
the patient. 

The duration of the subject’s stay in the control room must be ac- 
curately measured and controlled. Evaluation of skin color, dis- 
appearance and return of skin color on pressure, and so on, (Tables 5, 
6, 7, and 8) are greatly influenced by the duration of time the subject 
has spent in the control room. Since duration of exposure and en- 
vironmental temperature have considerable influence upon the caliber 
of skin vessels, careful regulation of temperature and duration of ex- 
posure are essential to proper evaluation of vascular and thermal 
phenomena. 

Judging skin color is a rather inaccurate procedure. For that rea- 
son, all skin color studies are considered as “quasi-objective.” There 
arc considerable individual variations among the observers. Skin 
color is frequently patchy rather than uniform, thus rendering it diffi- 
cult to decide which areas of skin represent the significant color 
changes. 

The disappearance and return of skin color on pressure may also 
be classes as a “quasi-objective” test. Accurate timing of the 
phenomenon is difficult. Nevertheless, observations in the resting 
extremity two minutes after entering the control room, 15 minutes later 
and then at the end of the experiment disclosed interesting facts (Tables 
5, 6, 7, S). The Class Ic trench foot patients have demonstrated the 
e.xistence of dilated skin vessels with a failure to adapt to environmental 
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cooling by manifesting a consistently more rapid “refilling time” 
throughout the study. The Class Ib patients showed a “refilling time” 
intermediate between normal and Class Ic. Apparently the local cir- 
culatory responses of the subpapillary venous plexus, capillary bed as 
well as the arterioles, are inhibited in their reaction to environmental 
cooling in Class Ic trench foot. In moderate atmospheric conditions, 
such as prevail in the control room, this is a subclinical phenomenon 
uncovered only by careful testing. Under more extreme atmospheric 
conditions the failure of the superficial vessels to keep pace with en- 
vironmental needs may be at least a factor in the abnormal sensitivity 
which trench foot patients manifest to extremes of heat or cold. At 
earlier or more acute stages of the disease the rates of refilling of pres- 
sure emptied skin vessels are probably quite different from those in the 
mild chronic trench foot. 

The studies of sweating have disclosed a complete regeneration of the 
sweat gland function in this group of mild chronic trench foot. These 
measurements have been of no value in differentiating normal from 
trench foot subjects or quantitating the degree of trench foot in this 
group. Nevertheless, since there is an early return of this type of 
skin appendage to normal after superficial tissue destruction, the mea- 
surement of sweat may be used as an early sign of functional regenera- 
tion of superficial tissue. The so-called "perspiratory personality” 
(14) and the numerous clinical references to the presence of excessive 
sweating as a manifestation of vasomotor instability in trench foot 
have not been supported in these studies of mild chronic trench foot 
The interesting physiologic difference of the functional qualities of the 
sweat glands of the sole and of the dorsum of the foot discovered in 
these studies has been indicated above. 

In the introductory remarks the premise that chronic mild trench 
foot patients are probably suffering from a form of inflammation, 
which is produced by physical agents, was discussed. Descriptions of 
chronic inflammation already available in the literature in support of 
this concept have already been mentioned. The results of the obser- 
vations described above serve to confirm this premise. For example, 
the initial temperature (Table 3, Figures 1 through 9) of the foot in 
the trench foot patient was higher in general than a homologous part 
in the normal subject. The more severe the clinical picture, the higher 
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was the initial pedal temperature. Such findings are compatible with 
the presence of inflammatory reaction manifested by superficial vaso- 
dilatation. In addition, it was noted in tlie occlusion-reactive hy- 
peremia test that the degree of reactive hyperemia, as evidenced by the 
degree of rise in temperatures from the reactive hyperemia effect, was 
more pronounced in trench foot than in tlie normal subject. The 
degree of change was directly proportional to the clinical severity of 
the case, that is. Class Tc showed greater change than Class Ib and 
Class Ib greater than Class la. There were only slight differences 
noted among Class la trench foot, normal and psychoneurotic subjects. 
Lewis (6) has shown that the degree of reactive hyperemia developed in 
a part following occlusion is directly related to the rate of metabolism 
and oxygen consumption. Inflammation accelerated the rate of tissue 
metabolism and oxygen consumption; therefore, all things being equal, 
during the period of occlusion a greater oxygen debt and hyperemia 
would be expected in the presence of inflammation as compared wdth 
normal tissue. 

The relatively rapid refilling time of the blood vessels of the skin in 
the trench foot patient supports the existence of vasodilatation which 
could be inflammatory. The fact, however, tliat the period of stay in 
an atmosphere of 20°C. (68°F.) failed to bring about a normal degree 
of vasoconstriction of the skin vessels is further support of the existence 
of inflammatory’’ vasodilatation. 

The clinical observations in these patients, as well as observations 
by others made on clinical and histologic studies, support the premise 
of clironic inflammation (2). Since demonstrable chronic inflamma- 
tion may exist in mild chronic trench foot, a test demonstrating the 
presence or absence of continued activity of chronic trench foot should 
entail, in part, at least, the accumulation of data in support of the 
axistcnce or non-existence of inflammation. Since very mild chronic 
trench foot subjects with actmty and former trench foot patients who 
have returned to normal are being studied, the e\ndence of inflamma- 
tion will a priori, be slight and subtle. Therefore, a test outlined 
below is designed to uncover or rule out, in part, at least, low grade 
inflammation. 

Obviously, exact criteria cannot be set up on the basis of only 46 
trench foot subjects. Due to unavoidable circumstances, the number 
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was limited. Adequate control studies were done, so that a foundation 
has been established to delineate the range of normal variations. 
Eighty-nine normal male, 51 psychoneurotic male, and 19 normal fe- 
male subjects were studied, many of the subjects, normal and trench 
foot, being subjected to repeated observations. Thirteen miscel- 
laneous patients with mild peripheral vascular disease were also ex- 
amined. A total of 218 individual subjects were studied. 

The evaluation of other forms of peripheral vascular disease for 
comparison purposes by these tests did not fall within the scope of this 
paper. Nevertheless, the control subjects in future studies should 
include many varieities of disease states. Such groups tend to orien- 
tate the test in relation to the normal and the abnormal. Abnormal 
controls would establish the specificity, if any, of this procedure in the 
field of peripheral vascular disease. It is known that the occlusive 
vascular diseases produce an extremity of reduced rather than ele- 
vated temperature. Where major peripheral vessels are occluded, 
local inflammation cannot initiate hyperemia easily because tire func- 
tioning vascular channels are not adequate to supply the part with 
blood. The finding of increased temperature in an extremity and the 
demonstration of potentialities for a marked increase in that tempera- 
ture would confirm the presence of relatively adequate vascular chan- 
nels to the skin. The uniformly great increase in temperature after 
posterior tibial nerve block indicates in the cases of mild chronic trench 
foot at least that there is no great lack of potential vascular channels 
in this condition. The presence of adequate vascular channels does 
not, however, insure an efl&cient blood supply since these channels must 
be so controlled and integrated that they can pace themselves to the 
needs of the part. A test to determine the adequacy of circulation to 
a part must, therefore, establish not only the presence of ade- 
quate vascular channels but also the ability of these channels to react 
appropriately to the demands of the tissues of the part tested. 

The results of the observations described above indicate very 
strongly that with certain simple, objective, correlated procedures it 
might be possible to show that a mild chronic trench foot has not re- 
turned to normal even though ordinary clinical studies show no abnor- 
malities. Like the electrocardiogram in heart disease, the finding of 
normal reactions to the test outlined below cannot be considered defi- 
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nitcly to rule out subtle or latent trench foot. It may, \rith further 
study, be safe to conclude othenvise. Furthermore, it is well to note 
at this time that the tests outlined in detail below show definite prom- 
ise, but it would certainly be unsafe to generalize about their applica- 
tion at present, for many variables may modify chronic trench foot. 
Furthermore, the series, though observed repeatedly, was relatively 
small, a fact supported in part by statistical analyses (Table 3). It is 
also quite possible that the clinical evaluation in some of these patients 
may be in error. Criteria set upon the basis of clinical classification 
may be inaccurate. The subdivision of the mild chronic trench foot 
patients into classes la, Ib and Ic ma)’^ certamly raise the question as to 
whether such a comparatively detailed subdivision can be made. Cer- 
tain subjects considered as Class Ib might certainly be in Class la or 
vice versa, or patients listed in Class Ic might be in Ib or vice versa. 
There is little likelihood, however, that a Class Ic patient would be 
mistaken for a la patient or vice versa. The simplicity of the pro- 
cedures and the definite nature of the findings, however, make it highly 
worUiwhile to e.xtend the obser\’’ations to include many more patients 
with trencli foot and control subjects, both normals and patients with 
many disease states. Such variables as climate, duration of the dis- 
ease, occupation, age, e.Yercise, shoes, type of clothing, and other fac- 
tors should be checked. The tests outlined below are not complicated 
and can be applied to many subjects by technicians of usual training. 
Nevcrtlieless, it is necessar}' to consider all details outlined seriously, 
for diermocouple determinations require special care in their use, even 
tliough they are simple to employ. 

A. Tests for Mild Chronic Active Trench Foot 

1. Room conditions must be uniformly controlled throughout to 
ensure a temperature of 20'’C. (6S°F.), witli variations not to c-vceed 
i 0.25°C. (±0.9°F.). Tlie relative humidity may var}* from 50 to 65 
per cent. Tlie rate of movement of the air in the room near the sub- 
ject should not c.\-cecd 15 feet per second and should be uniform. 

2. Preparation of subject: The subject requires no special prepara- 
tions. He should not eat or smoke within three hours of the obsen-a- 
tions. and. of course, should be free from any complicating illnesses. 
He should rest comfortably in bed, nude, covered over the trunk from 
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the upper third of the thighs to the shoulders with an ordinary cotton 
sheet. A blood pressure cuff of six inch width (15 cm.) with about a 
six foot length cloth is wrapped snugly, but not tightly, around the 
lower third of the thighs just above the knee. These cuffs, guarded by 
valves, are connected to a constant pressure tank of air automatically 
regulated to 280 mm. of mercury pressure. A thermocouple is placed 
on the pad of the tip of each big toe, if possible (more parts may be 
observed but this is not necessary. The application of the cuffs and 
thermocouples should not require over 90 seconds. The temperature 
of these two parts is measured continuously, preferably by an automa- 
tic pen recording galvanometer, until the test has been completed. 

3. Fifteen minute temperature of the parts: The temperature of the 
part is noted at the end of the first 15 minute period of stay in the room. 

4. Rate of refilling of pressure emptied vessels of the skin: The toe is 
squeezed firmly for about 12 seconds between the thumb and index and 
middle fingers by placing the thumb on the medial side of the subject’s 
big toe and the two fingers on the lateral aspect. The pressure is sud- 
denly released, and the time required for the emptied skin vessels to 
refill is measured by a stopwatch. “RefiUing time” is measured at the 
end of two minutes’ stay in the room, at the end of 15 minutes’ stay, 
and again at the end of the entire study just before the subject gets out 
of bed to dress. 

5. Occlusion-reactive hyperemia test: After the temperature of the 
parts has reached a stabilized baseline, that is, maximum difference in 
two successive temperature measurements of 0.2°C., the pressure in the 
blood pressure cuffs around the thighs is suddenly raised to 280 mm. 
mercury by opening valves connecting the lumina of the cuffs to the 
pressure tanks. At the end of 15 minutes of occlusion of the arterial 
and venous circulations the pressure in the cuffs is suddenly released 
by opening and closing proper valves. The temperature of the parts 
is measured continuously during the entire period. 

B, Interpretations 

Under the conditions in which these studies were conducted the 
following interpretations seem justified but require further evaluation 
and study: 

pi^(l). If the temperature of the part at the end of 15 minutes’ stay in 
the room is above 29°C. there is almost 100 per cent chance that the 
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toe of the subject is not normal. If it is above 27°C. there is about a 
75 per cent chance that the toe is not normal. 

(2) . At the end of two minutes and 15 minutes’ stay in the observa- 
tion room the rate of refilling of the pressure emptied skin vessels 
showed no significant diSerence between the trench foot and control 
subjects. If at the end of the entire study the rate of refilling is less 
than 8.0 seconds, the chances are almost 100 per cent that the part is 
not normal. 

(3) . In the occlusion-reactive hyperemia test, if the temperature of 
the big toe falls more than 5°C: during the period of occlusion and shows 
a maximum rise of 5 or more degrees centigrade during the period of 
reactive hyperemia, the chances are about 100 per cent that the part is 
stiU diseased. If the fall during the period of circulatory arrest is 
3,6°C. and the rise during the period of reactive hyperemia is 4.4°C., 
the chances are about 90 per cent that the part is not normal. If the 
fall is greater than 3°C. and the rise after release of the circulation is 
greater than 3°C., the chances are about 75 per cent that the foot is 
abnormal. In fact, with a fall of 2°C. during the occlusion and a rise 
of 2°C. during release the patient has over a 50 per cent chance of being 
abnormal. 

(4) . When aU three above phenomena are definitely abnormal in 
reaction, the chances of the part being diseased approach 100 per cent 
and are more definite than if one of these reactions were suggestively 
abnormal. The availability of two separate objective phenomena and 
one quasi objective phenomenon leads to greater accuracy. The 
accuracy is further ensured by observing a part on both sides simul- 
taneously, one part being a control over the other. 

V. SUMMARY AND CONCLUSIONS 

The purpose of this study has been to find an objective test which 
will aid the clinician in determining whether or not patients who for- 
merly had acute trench foot are still showing evidences of active disease. 
In trench foot patients with extensive tissue damage and tissue loss, 
pathology is apparent. Patients with subjective complaints lacking 
obvious objective disease present a difficult problem to evaluate pre- 
cisely. 

The premises (1) that trench foot is an inflammatory disease 
produced by e.xposure to cold and moisture and (2) that tissue reaction 
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and repair persist long after initial exposure have been important bases 
in this study. It was decided to investigate the value of temperature 
changes in the involved part as a major criterion for the existence 
and degree of inflammation. Temperature studies by means of shin 
thermocouples, supplemented by quasi objective evaluations of shin 
color and the rate of refilling of pressure emptied skin vessels, were 
used to uncover and quantitate local inflammation and the functional 
rate of the basal circulation. The comparative rates of water loss from 
the skin of normal and trench foot subjects were also observed. There 
was no remarkable difference in sweating between normal and trench 
foot subjects, whether in a comfortable or a hot and humid environ- 
ment. 

During the course of this study certain facts have become apparent. 
The initial temperatures of the foot of the mild chronic trench foot sub- 
ject was higher than that of the normal or psychoneurotic subject, and 
there was a direct correlation between the clinical severity of the dis- 
ease and the height of this temperature. Class la patients, who border 
on normalcy, showed very little difference, if any, from normals. 
Classes Ic and Ib patients showed a distinct difference from normal. 
Trench foot cases also showed a fall in temperature after the circulation 
to the foot was occluded and a reactive hyperemia rise after release of 
the circulation which were much greater than the normal but propor- 
tionate to the severity of the disease; Class Ic manifests the most ex- 
treme effects; Class la resembled normal most closely, and Class Ib fell 
about intermediately between la and Ic. Since the findings showed 
only minimal differences between the Class la trench foot and the nor- 
mal, there may be overlapping. The methods used were quantitative 
while the clinical evaluations of the trench foot could not have been 
equally precise. 

Trench foot subjects did not adapt to environmental cooling like the 
normal or psychoneurotic controls. This fact was demonstrated by 
studies conducted on the refilling time of pressure emptied skin vessels. 
The Class la subjects showed little difference from the normals. Class 
Ib showed a distinct difference, and the Class Ic patients manifested 
little tendency to adjust to enviromnental cooling at 20°C. (68°F.) 

An index, which might be appropriately called the “Activity Index,” 
based upon the features of initial stabilization temperatme, number of 
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degrees temperature fall following 15 minutes of occlusion, and rise 
during hyperemia after release of the circulation can be devised to ex- 
press the amount of inflammatory activity in a part injured by cold 
and moisture. Such an index might be further supported by data on 
the refilling time of pressure emptied skin vessels. It is not feasible 
at this time to base such a critical evaluation upon a comparatively 
small number of cases. An index which could numerically express 
activity and for which definite quantitative values can be stated to 
correspond with the degree of activity would simplify the handling of 
large numbers of subjects. The improvisation of such an index is 
quite possible. Certainly, further study over a larger group of trench 
foot subjects is warranted to find it. However, a group of observations 
have been outlined which seem to have promise as tests for activity in 
mild chronic trench foot. Based upon these limited studies, possible 
interpretations have also been indicated. 
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■ THE USE OF THE PSYCHOSOMATIC CONCEPT 
IN MEDICINE 

FELIX DEUTSCH, M.D. 

The topic you have chosen to be discussed by me as the second lec- 
ture in the memory of Miss Brogden is very near to my heart, since, for 
the past twenty-eight years, much of my research I devoted to this sub- 
ject. For this reason, I consider it not presmnptuous to accept the 
honor of delivering the address to you today. 

A discussion of the psychosomatic concept presupposes a clarification 
of what this concept means, how it developed, and how it moved so 
much into the center of our interests. Firstly, it must be stated that 
the concept is an old one, was renewed thirty years ago, and is today 
under scrutiny again. The old idea of the demons which enter the 
body and make it sick has been certainly abandoned, but not yet as 
completely as we would like to be the case; it has changed for some time 
to the idea of the magic power — ^rooted so deeply in the infantile idea of 
omnipotence — the magic power which remains to a great extent the 
nucleus of psychotherapy based on the concept of the exertion of 
mutual influence, between human beings. The demonic idea became 
replaced by the concept of hypnosis, suggestion and autosuggestion. 
For a long time this concept dominated the mind and body problem as 
far as research and therapy was concerned. Time and again, hypnotic 
experiments were conducted, repeated and duplicated up until today ,to 
prove how emotional factors can influence physiological processes. 
Much coal was carried to Newcastle. 

It would have led us into a blind alley if Freud’s concept of the un- 
conscious had not given the research a new impulse. He himself began 
his investigation with hypnotic therapy, until he discovered that not 
tlie conscious conflicts make somebody sick, but the forgotten, re- 
pressed, imresolved, imconscious conflicts lead to bodily changes, 
imder given conditions. The first analytical research in .this field is 
connected with the names of Ferenczi, Groddeck and Jellife. Having 
been Freud’s physician at the time of the onset of and during his tragic 
disease, he influenced me to begin this research from the psycho- 
physiological point of view. Then some twenty-five years ago, I (1) 
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used the term “psychosomatic” with the idea that this research aims, as 
I wrote at the time, to study the personality structure through the ob- 
servation of the bodily behavior. I proposed as the goal of the therapy, 
to loosen the psychosomatic fusions, to clean, so to speak, the organ 
systems from the old psychic entanglement, and to free them from the 
unconscious, pathological, instinctual influences, in order to safeguard 
the biological functions. 

As Freud’s ideas paved the way for psychosomatic research from the 
psychoanalytical point of view, Cannon’s (2) discoveries of the emer- 
gency functions of the organism as danger signals and safety devices 
for the equilibrium of the organism, brought light into this field from 
the physiological side. The concept of the unconscous on the one 
hand, and the fact-fiindings of the autonomic functions under emotional 
stress on the other hand, put the psychosomatic concept on a sound 
basis. Both of these principles, the physiological and the psychological 
one, are indispensable for an understanding of the psychosomatic con- 
cept of today. From another alley of research came welcome support 
for the consolidation of this concept. The animal experiments of 
Pavlov and his concept of the conditioned reflexes, and the more recent 
experiments of Lidell, Gant, Richter, Masserman and others brought 
convincing facts, which drew the attention of the medical men to the 
psychosomatic concept. 

In surveying the opinions of present-day psychosomatic concept, we 
meet here very controversial view points. When the first issue of the 
Journal of Psychosomatic Medicine appeared, the editors wrote an 
editorial in which the opinion was ventured that by and large, “the 
whole medicine is psychosomatic, since psychic and somatic phenomena 
take place in the same biological system and are probably two aspects of 
the same process”. Hence, psychosomatic medicine is rather an ap- 
proach to medicine as applied to all aspects of medicine and surgery. 
“When the integration of psychiatry into general medicine is com- 
pleted, we will no longer need the term psychosomatic because good 
medicine will be psychosomatic”. Weiss (3). Several authors see in 
the name a dualism which does violence to nature because mind and 
body are one. It is argued that every disease is psychosomatic, for 
no somatic disease is entirely free from psychic influences. Fenichel 
(4-) Binger (5). For this reason, it is proposed that the clumsy term 
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psychosomatic medicine would be better substituted by “The New 
Empiricism” or “Bio-medicine”. Lewin (6). Furthermore.it would be 
better to have the term reserved for this category of functional dis- 
turbance, which is physical in nature and consists of physiological 
changes, caused by the inappropriate use of the function in question. 
An example would be peptic ulcer, which may be considered as the 
physical result of an inappropriate use of the stomach by emotional 
factors. “The ulcer is the incidental physiological consequence of a 
psychogenic attitude". This concept is not joined by others who 
claim that stomadi symptoms of a gastric neimosis, secretory and motor, 
are not a substitute expression of an emotion, but its physiological 
counterpart, or its physiological corollary, and the peptic ulcer in itself, 
has nothing whatever directly to do with any emotion”. Alexander 
(7). Another proposal comes from a well known author, Kubie (8), 
who wants to abandon the ominous term psychosomatic and proposes 
to replace it by the “all-inclusive term somatization”, used now in 
military psychiatry, Menninger (9), as the name of any process by 
which a partial discharge of psychological tension occurs through the 
psychosomatic representation, either of the emotion itself, or of the 
external relationship involved, or of the conflict out of which the 
tension arises, or finally of the instinctive functions which give rise to 
the conflict. In the application of this term to the different psycho- 
somatic disturbances, Kubie distinguishes first between external 
somatization, involving the external structure of the body; second, 
internal somatization, involving the internal organs; third, instinctual 
somatization, involving the apertures of the body; and fourth, diffuse 
somatization, involving the entire body. 

In rejecting this term, another author, Masserman (10), hopes that 
the medical people will divest themselves of the defensive body around 
dualism implicit in the term psychosomatic. He expresses this opinion 
in the statement that our science may accept this new branch as w'hat it 
is : “a study of the personal behavior of physiologically integrated human 
beings, interacting with the personal and social milieu, as each conceives 
and interprets it in terms of his own abilities and experiences”. With 
this orientation, he thinks there need be “no bridges nor hyphen among 
biologj’’, medicine and psychology, since there are no artificial bounda- 
ries to bridge”. An authority in this field, Stanley Cobb (11) writes 
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that “psychosomatic” is by its etymology a liaison field between 
neurology, psychiatry and medicine. It seems to him to be a r1ini r ? i1 
field that takes up the study of the abnormal functions set going by 
emotional stimulation in any system of the body except the nervous 
system, and as the study of the lesions caused by such abnormal func- 
tioning. In short, simply that field of clinical medicine where the 
internist can help the psychiatrist and where the psychiatrist can help 
the internist in the study and treatment of disease. 

Another leading psychiatrist, Nolan Lewis (12) finds also the term 
not a particularly fortunate one, but he goes further saying that 
psychosomatic medicine is not a speciality; “It is not a branch of medi- 
cine”, rather a concept or a method of approach to the problem of 
etiology, pathology, diagnosis, and therapy, wherever they are found 
in the general medical and surgical specialties. However, he concedes 
thatin any attemptto evaluateapatientpsychosomatically,amethodo- 
logical study is necessary, first, of the personality; second, of his method 
of adapting to life’s situations; third, of those details of the family 
history, that may have a bearing on the problem ; fourth, of the manner 
in which the illness develops; fifth, of the possible immediate precipi- 
tating factors; and sixth, of the nature of the physical rigor or rigors 
upsetting the situation for possible emotional conflict. It should 
further be investigated whether the symptom is utilized in an attempt 
to solve some emotional conflict, and whether the pattern has been used 
before early in life. Last but not least, Dunbar (13) calls it a branch 
of medicine which is concerned with an appraisal of both the emotional 
and the physical mechanism involved in the disease of the individual 
patient with particular emphasis on the influence that these two factors 
exert on each other and on the individual as a whole. “Psychic and 
somatic represent two angles of observation from which the organismal 
unit should be studied”. 

It seems to me that we should not be too much concerned with 
whether this kind of methodological study of a patient is called a 
branch of medicine or not. By and large, as we see, many authors 
think that the term psychosomatic is only a convenience until a better 
term is found. If we bring the different opinions under one hat, we 
might say: Psychosomatic medicine is the systematized knowledge of how 
to study bodily processes which are fused and amalgamated with emotional 
processes of the past and the present. 
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It is clear that the psychosomatic concept of today takes it for 
granted that any organic function, not only the pathological one, can 
be interpreted from the psychological pomt of view. In applying 
Woodger’s concept of the universe stated in his “BiologicalPrinciples” 
( 14 ), to the psydiosomatic concept, we w’ill see of what one must be 
aware when he uses this concept in medicine. Woodger adopts “the 
general picture of the universe as a series of levels of organization and 
complexities, each level having unique properties of structure and be- 
havior, which, though depending on the properties of the constituent 
element, appear only when these are combined into the higher whole. 
The phenomena of a higher level cannot be understood without the 
knowledge of the behavior of its constituents at the lower level”. 

In these words we find partly the answer to the question of why it 
took so long before the psychosomatic concept could gain groimd in 
medicine. The phenomena of the higher level — that is, the psycho- 
somatic behavior — ^were for a long time not understood because a con- 
nection of the higher level with the constituents of the lower level 
could not be seen. That leads us to the question of how to examine 
a patient to find these connections. 

Various methods have been employed to obtain the right information 
about psychosomatic disorders from the psychological point of view. 
I remind you of Whitehom’s (IS) writings on interviewing. All of 
them tend to get an understanding of the patient’s social, vocational, 
family (early and present), se.xual adjustment including physiological 
and psychological behavior. The first method which I should like to 
call “the double track method” is the commonest. The clinical exami- 
nation is made by one examiner, the psychiatric examination by 
anotlier. The findings so obtained are then evaluated for their possible 
interrelations. It is easy to see that such construction would at times 
become arbitrary guesswork, and will often not correspond to the 
facts. 

The second method is to search out in the patient’s life aU the 
possible emotional experiences that might be assumed to have a trau- 
matic effect on tlie patient. Then one seeks to determine whether the 
onset of the organic sjTnptom coincided with a psychic trauma. It 
takes note of aU the orgamc events in the patient’s life as well as of all 
his emotional e.xperiences. The more coincident the traumatic 
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emotional experiences with the organic disturbances, the more con- 
vincing are the correlations. 

A third method is “the biographical method”. Weiszaecker (16). 
This concept is that all illnesses are not precipitated by chance, but are 
motivated by intense emotional events in the individual’s life. An 
understanding of the various phases of the organic illness depends on 
the ability to imcover the genesis of the emotional events concomitant 
with the illness. One has not to elicit the phenomena in chronological 
order if one has the concept that the illness is not the onset but .the 
result of many coinciding factors. The assumption is that the only 
possible way to validate the principle of psychosomatic unity is to 
introduce the personality into the total pathology. According to this 
concept, some organic illnesses begin just at the turning point of 
biographical crises. These crises do not occur suddenly but are an 
integral part of the course of the individual’s life. The patient’s 
biography inextricably interweaves somatic, emotional and mental 
components linked to a personality. However, the biographical 
method does not explain the symptoms. It merely records a kind of 
naive observation of the behavior and the psychic reactions of the 
patient. It aims at finding in the life of a patient as many catastrophes 
as possible that may form an emotional background of the organic 
illness. Since the examiner must interpret tlie material of the history 
to correlate psychic and somatic symptoms, there is always the danger 
that the results will be inconclusive. Only when the patient himself is 
able to give the somatic and psychic interrelations as plausibly 
connected will the psychosomatic unity be unquestioned. 

For this reason, another method called “Associative Anamnesis”, 
Deutsch (17) has been developed which records not only what the 
patient says but also how he gives information. It is of consequence 
not only that the patient tells his complaints but also in what phase 
of the interview, and in which connection he introduces his ideas, 
complaints, and recollection of his organic and emotional distrubances. 
From this point of view, obtaining the material and writing the case 
history cannot follow the well established pattern of the ordinary medi- 
cal case history. In psychosomatic diseases, we are not so much inter- 
ested in obtaining as many facts as possible, as in getting information 
that has not been prepared for the occasion. If one properly elicits 
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this kind of history-taking, one learns how the sjTnptoms developed 
and what the sjanptonis meant to the patient from early childhood. 
The patient is stimulated to give the information needed, when asked 
to describe his organic complaints, without being aware of the psycho- 
logical background of his illness. He will give the material necessary 
for a proof of the psycliosomatic unit in his illness only if he is not 
aware of what it reveals to us about his emotional life. If the examiner 
allows him to talk without being asked leading questions, the patient 
will usually give a detailed account of his complaint and ideas abouthis 
illness. Wlien he has exhausted his ideas and recollections about his 
organic disturbances, he will stop and wait to be asked a question. 
The examiner waits until it is clear that the patient wUl not continue 
spontaneously. Then he repeats one of the points of the patient’s last 
sentence in an interrogative form. Usually the examiner repeats one 
of tlie organic complaints, the last mentioned, being careful to use the 
same words as the patient. The patient then usually gives new infor- 
mation centering around his symptoms and is stimulated to further 
associations. He drifts into giving a communication in which he in- 
attentively mixes emotional and somatic material. 

In this type of interview, we learn a great deal about the old and the 
recent conflicts of the patient, how they were and are motivating his 
life, and how the patient reacts to people with whom he is and was 
li\dng. We get hints about the family relationships of early life, clues 
as to how, why and when the sjTnptoms developed, how the psychic 
make-up was thereby influenced, how the organic disturbances were 
utilized in conflict situations, and finally the role of the afflicted organ 
functions in the psychosomatic pattern. 

Any psj’^chosomatic examination is done in order to prove that the 
already premorbid personality used in its development certain parts of 
tlie body and bodily fimctions for the expression and sohtlion of emo- 
tional conflicts which become later symptoms of the organic condition. 
It should show that the subjective bodily sensations are simultaneously 
symptoms of the neurosis and of the organic disease. That implies 
that it should be proved that the subjective symptoms of the disease 
follow the pattern laid down in the bodily and personality make-up. 
On the whole, the inter\iew will show the fundamental, d3mamic, 
uninterrupted interrelation of the patient with its inner and outer 
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environment, and, as it was pointed out before, how the phenomena of 
a higher level are linked up with the constituents of the lower level. 
From this point of view, the term “psychogenic" which was first so 
fruitful for, but later seriously blocking the application of the psycho- 
somatic concept in medicine, becomes outmoded. There does not 
exist the alternative of “psychogenic or not psychogenic.” The funda- 
mental question is what is the interrelationship of certain psychological 
factors with certain biological ones. To make it clear : not co-existence, 
nor corollary, or correlation, nor parallelism of psychological factors 
but interrelationship of these factors is what we will find. More 
specifically, the interview should elicit the roots of the interaction of 
the emotional Ufe and the bodily function in question, what led to the 
choice of the organic system for the expression of the conflict, and fur- 
thermore, what factors of the environment, past and present, contrib- 
uted to the establishment of the psychosomatic symptom complex. 

But there remain in those interviews other problems to be answered; 
that is, whether the patient went, in his early life, through common 
emotional conflicts with their concomitant organic responses, or 
whether the conflicts met from the beginning a less resistant organic 
constitution which then paved the way for the later disease and for a 
personality disorder. That raises the question of how far those 
personality disorders contribute to the deterioration of bodily functions 
and whether those personahty disorders are specific for certain psycho- 
somatic entities. 

At present, one part of research in psychosomatic medicine goes in 
the direction to prove that certain specific psychosomatic disorders 
occur in individuals with a specific psychological constellation. Another 
part of research, as Whitehorn stated some years ago, appears to be in 
the direction of close psychological scrutiny during periods of physio- 
logical change. If the research in this direction can be carried through 
convincingly, it may give the answer to the X which is so puzzling in 
many psychosomatic entities, particularly in allergy. Let us take 
asthma as an example; one of the leading allergists, Rackemann (17), 
put it this way: “Asthma from other causes besides allergy may come 
from “asthmatic state” which indicates a reaction pattern which is 
characteristic. Let it be called X”. Then he writes, “Why stop to 
consider an X for asthma and allergy, when another philosopher might 
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suggest a Y for arthritis and a Z for mucous colitis. For each person, 
the reaction pattern appears to be uniform and fairly constant. Is 
there any cliaracteristic of the early disease which would throw light 
on the ultimate prognosis? Who has the X”? he asks, and continues, 
“YTiat is needed is a furtlier study of depletion including nervous ex- 
haustion due to stress and strain to find the mechanism by which 
these psychosomatic disturbances will produce their symptoms. Ob- 
viously, a complicated and difficult problem. It will take many sta- 
tistical studies to make sure about these things”. Being consistent, 
Rackermann put then amongst the requirements necessary for tlie 
development of allergic s 3 Tnptoms, the X., i.e., “the asthmatic state”, 
ahead of all other requirements, and let the capacity to develop sensi- 
tiveness, i.e., allerg}'', and the capacity to produce and to react to 
histamine substances, follow. Those statements show what re- 
markable change towards psychosomatic concepts has taken place in 
medicine. 

Before we try to give tentatively the answers to the X, Y, and Z 
which Rackemann mentions, it has to be emphasized that the problem 
of personality specificity in certain psychosomatic entities is still in- 
completely solved, and some authors are skeptical about the attempt to 
relate definite psychosomatic pictures to definite personality 
structures. 

As far as asthma is concerned, it has been suggested that the early 
affections of the respiratory tract, as whooping cough or frequent 
colds, plus its use for the expression of conflicting tendencies through- 
out the childhood create a personality of a specifle structure with 
compulsive trends. Deutsch (17). The mothers in these cases are 
usuall}’ efficient, domineering figures who encourage the dependency, 
and at tlie same time, suppress the aggressive tendencies. Hence the 
conflicts underhdng this interaction between the mother and child 
form the background for asthma. The fathers of those patients are 
usually passive, kind, and less efficient personalities. The asthmatic 
attacks tend to be precipitated bj' situations, conscious and uncon- 
scious ones, that stimulate those aggressive tendencies or threaten to 
separate the patient from the mother figure, more in the sense of the 
danger of an estrangement from her, due to some tabooed temptations. 
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to wliicli the patient is exposed. Hence, the asthmatic seizure is an 
anxiety equivalent due to the fruitless attempt to eliminate a forbidden 
content through the respiratory tract. 

The Y of Rackemann has also found some reasonable explanation. 
The personalities of patients with rhetimaioid arthritis betray very often 
that they have a great need for motility to overcome anxiety, that they 
could act out and suppress their expression of hostility in the muscular 
apparatus, that they take the pain as a personal offense which they re- 
sent and feel as a kind of punishment against which they protest. 
They overcome very often aggressive impulses directed against some 
person, through an identification with this person. They under- 
estimate very often the limitations of activity demanded by the 
somatic impairment. It is remarkable how some chronic deformative 
arthritis cases screen their impairment in their behavior and talk 
about the future although hopelessly crippled. 

The specific emotional constellation of mucous colitis, the Z men- 
tioned before, may be discussed at best in connection with other 
gastro-intestinal disorders. 

The important personaUty trends in the gastric neuroses cases are 
intense unconscious wishes which the patient cannot admit to himself. 
It is thought that the stomach symptoms are conditioned by the 
tendencies which serve as chronic psychic stimuh to the stomach func- 
tion. In other words, many patients who have a strong, unconscious 
need for affection, a strong desire to be appreciated and taken care of, 
psychologically translate these trends as the need to be fed. At the 
same time, they cannot admit these impulses to themselves, and as a 
consequence, overcompensate with a demonstration of great energy 
and great endeavor. They are afraid to be dependent or ineffectual. 
Nevertheless, their strong unconscious tendencies to be dependent 
cause reactions in the gastro-intestinal tract so that the stomach tries 
to serve a double fimction. It tries to serve the function of emotional 
reception of love as well as acting as the organ of digestion. This is too 
difficult for the stomach to accomplish because the need to be taken 
care of (fed emotionally) is acting as an unusual or foreign and constant 
stimulus. This stimulus is responsible for overactivity and excessive 
secretion beyond the digestive needs. Moreover, this “need to be fed 
and loved” trend is being opposed by a stronger need to reject the un- 
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acceptable idea of dependency and inefiectualit}’’, and this conflict may 
result in stomach symptoms. 

A patient -with slomach ulcers appears outwardly to be a very active, 
efficient person, but proves actually to be a hungr}', dependent person, 
whose unsatisfied cravings for love he is unable to accept, \\flien his 
ambition is thwarted, or his efforts towards success and accomplish- 
ment and superiorit}- are too strained, he will have a tendency to run 
for cover, to slip back into a dependent child-like attitude, and sur- 
renders. These passive, receptive cravings, when not satisfied, and 
when continually repressed, actuallj’- find their expression in a primitive 
way. The craving for love and care, when unsatisfied, can be felt as 
if it were a need for food, to which the body then reacts with a kind of 
chronic hunger. Such a state keeps tlie stomach in continuous pre- 
paredness for food which it does not receive. Its muscular wall con- 
tracts, resulting in gnawing sensations and hunger pains; its mucous 
membrane becomes engorged with blood, and its acid-secreting glands 
are over-stimulated. Wolff (19). 

The trend of colitis cases are often quite different from the peptic 
ulcer patients. They unconsciously feel tliat they have the right to 
take and demand, for Uiey ‘always give sufficiently’. They feel often 
guilty and depressed and cross, and show grief, if they cannot give 
somctliing in return for what they received. This “something” they 
give is usually the childish substitute of bowel movements for real 
values, sometimes given to express their love or aggression. Some- 
times tliere is overtidiness, overcleanliness, hoarding the foremost 
personality pattern. 

The cliaractcristic traits of the personality of hypertension appear to 
be an excessive need for a secure, dependent relationship, which they 
are unable to find or to accept. They have a weak, submissive attitude 
in which fear of injurj', emotional isolation and suppression of hostility 
arc prominent features. In addition there seems to be tendency to 
axpericnce frustration in relationships witli otlier people, both social 
and sc.\'ual. 

The experience is that the clironic hypertension cases belong to the 
groups of overly inhibited, sensitive, yet, at the same time, intensely 
hostile and aggressive indi\'iduals who try to cover up tlieir hostility. 
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The hypertension develops when circumscribed neurotic symptoms 
which serve for the draining of pent-up hostile impulses are absent. 

In the main there exists a conflict between passive, dependent, 
feminine tendencies and overcompensatory, competitive, aggressive, 
hostile impulses which lead to fear and increase the flight towards 
the passive attitude. The patient cannot accept the passive attitude 
nor express his hostile impiflses. 

It is a question of to which degree the high blood pressure itself 
accounts for the characteristic personality. 

Not only psychosomatic disorders but also true organic diseases 
were investigated concerning their personality pattern. To give only 
one very brief example, it was found that the psychological background 
of diabetes is in some cases the feeling of deprivation with an increase of 
passive personality tendencies. These passive personality trends can 
find their expression in many ways, depending of course, on the pre- 
morbid personality. It seems as if the reactive depression in these 
cases is due to the food deprivations, but the depressive factors are 
based on experiences of loss of love in the pre-diabetic life period, and 
is therefore a depression of a primary nature. Daniels (20). 

In completing a discussion of the use of the psychosomatic concept in 
medicine, it seems to be appropriate to discuss briefly the psyckothera- 
peutic use of this concept. It presupposes that the therapist becomes 
firstly, thoroughly acquainted with the medical and psychic tools 
of therapy; secondly, that he is well trained in how, when and which 
of these tools to use in the special case. Of course, for practical 
purposes, it might not be necessary to become specialized in this 
therapy. In medical practice, it often happens that the physician 
prescribes a drug, the effect of which he is not in the least aware, but 
which doesn’t prevent that it might be a great help to the patient. 
The same is true in psychotherapy where so many do not know which 
healing device they have used when their patients claim that they feel 
better. “Sometimes a sudden and dramatic faith cure, may, by the 
very fact of its occurrence, considerably alter one’s status”. White- 
horn. - However, the physician’s surprise about his therapeutic success 
yields often to a belief in his magic power, and lets him make up some- 
times a theory afterwards which should justify the use of his power in 
relation to the patient; but it is a truism that human beings want to 
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be cured by magic, and therefore often willingly surrender to this 
approach. 

The methodological treatment of psychosomatic disorders on the 
other hand has a certain goal. It aims to dissociate, to free the 
afflicted organs from their unconscious meaning, from their symboliza- 
tions, from their abuse for defenses against anxiety, from the inhibitions 
as well as from their use for substitutional gratifications. When that 
has been achieved, we must realize, beyond that, nothing more can 
be done by psychotherapy to restitute the functions. However, 
sometimes it may be necessary to draw another organic function into 
an emotional setting through treatment, in order to free the diseased 
organs from a less desirable involvement. By and large, the treatment 
always aims to strengthen the personality and to enable the ego to 
give up the abuse of a function and to change its “body politic”. 
In this way, even the perception of unpleasant and painful sensations, 
based on organic tissue changes, can be relieved. 

What has to be borne in mind is that a patient will not give up his 
symptom, and therefore a psychosomatic disorder cannot cease, as 
long as the emotional setting is not reshuffled and the psychic economy 
rearranged and psychic energies redistributed. The disappearance 
of the symptoms proves that such a process has happened. It has 
further to be realized that in the course of the therapeutic process, the 
gradual disappearance of the organic expression of the psychological 
imbalance will be accompanied by the appearance of a transient psychic 
expression of this imbalance until the equilibrium is regained. That 
is due to the fact that the ego is stiU ill at ease in giving up the pro- 
tective use of the body against danger from within. The emotional 
symptoms which a patient then shows can be either anxiety itself or a 
compensation of anxiety expressed in a denial of such feeling and in 
exaggerated self-confidence. 

It is an axiom that the patient will resist any change of his choice of 
conflict solution as long as he feels not assured of a better solution or as 
long as the conflict is not solved. Therefore, the assurance of the 
patient by the physician that nothing is wrong with him organically 
can only rarely help him. What he needs, as I said, is a better conflict 
solution which he can accept. 

In medical psychotherapy of psychosomatic disorders, we have to 
tahe into accoimt that the treatment of the involved organic system 
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by drugs has to be gradually abandoned. It is incompatible with the 
therapeutic concept to continue the treatment of an organic function 
with drugs when the patient’s interest in this part of the body should 
be dissolved. To reach the therapeutic goal, it might very often not 
suffice to treat the inner emotional setting alone. Then sociotherapy 
has to go hand in hand with psychotherapy. That means the environ- 
mental setting has to be handled and managed too. That is done at 
best by the trained social worker. The smooth function of this team- 
work, sociotherapy and psychotherapy, depends on the intelligent 
co-operation of the two factors, doctor and social worker. 
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THE USE OF THE PSYCHOSOMATIC CONCEPT IN SOCIAL 

CASE WORK 

ELEANOR E. COCKERILL 

The social caseworker who chooses a medical setting for the practice 
of her profession has an opportunity which brings both challenge and 
responsibility. It is challenging because she must be able to function 
as a social worker in a medical rather than a social work world. It 
brings responsibility because she must relate her social work knowledge 
and skills to the intricate processes of medical diagnosis and treatment 
which are basic in the attainment of the physician’s primary purpose. 
Her contribution must be sigm'ficantly related to this primary purpose 
of medical care and yet it must not lose its separate social work focus 
and purpose. 

Throughout the history of medical social work there is evidence that 
it has frequently been difficult for departments of social service in 
hospitals to achieve this relatedness and also this separateness. Un- 
doubtedly our own professional insecurity and our need to be accepted 
within this medical world were contributing factors in the relatively 
slow development of a sound professional focus for social work in 
hospitals. We were so anxious to be needed and useful that we readily 
accepted responsibilities which kept us occupied with activities that 
were appreciated by harassed administrators and busy doctors but 
did not help them to discover how to use us as social workers. 

Changes within medicine itself have increased the specialized 
resources of help for the ill person and today his medical treatment may 
utilize the skill of several experts. Whether the multiple services of 
this group of professional persons can be as meaningful to the patient 
and as effective in bringing about his recovery as the care of a single 
physician depends to some degree at least upon the capacity of the 
group to achieve a unified approach to the problem of the patient. 
This means, among other things, a sharing of knowledge and under- 
standing about the patient by all of those concerned with his care, 
with each expert using his own special skill in relation to one aspect 
of his problem. 

Medical social workers appreciate the increasing degree to which 
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physicians are achieving competence in the recognition and evaluation 
of the social component in Ulness. Psychiatrists, a specialized group 
within medicine, have voiced their approval of the further integration 
within general medicine of psychiatric concepts and methods. Phy- 
sicians have long emphasized the social worker’s need to have certain 
basic knowledge about disease and its treatment and the psychiatric 
group has been active in its efforts to broaden the social worker's under- 
standing of the d)Tiamics of human behavior. As this fusion and 
interchange of experience and knowledge becomes intensified it is 
essential that each professional person recognize that the purpose of 
this sharing is to help him to do his own particular job better rather 
than to take on the responsibilities of another professional person. 
If the medical social worker, for example, attempts to incorporate 
incompetently the psychiatrist’s method of helping she may not make 
available to her patient the social work services which she is prepared 
to give skillfully and also fail to help the patient to make use of what 
the psychiatrist has to offer. If the physician undertakes to carry 
through the social work services which his patient needs, he may over- 
look essential medical services and also fail to make available the 
specialized help of the medical or psychiatric social worker. This 
focusing of responsibility for the specialized aspects of a patient’s 
total care, does not exclude the necessity for an awareness on the part 
of aU members of the medical team of the various facets of the patient’s 
problem. 

Dr. Deutsch has focused our attention today upon the contribution 
of psychosomatic research to the understanding and treatment of 
disease. His paper has had meaning and significance for the social 
case workers in this audience but we have related what he has said 
to our own special area of professional interest and concern. The 
medical and psychiatric social worker’s primary concern is not with 
the s3Tnptomatology of disease and the techniques of its treatment 
because the physician has responsibility for these aspects of a patient’s 
problem and care. Her focus is upon the social factors which have 
helped to make the patient ill, the social problems which his illness 
creates for him and the obstacles which may limit his capacity to make 
use of what medicine has to offer. The social caseworker’s frame 
of reference, thus, has been socially and not medically oriented 
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throughout the presentation by Dr. Deutsch. Our social casework 
concept that the individual reacts physically, intellectually and 
emotionally to the experiences he has as he moves through life has been 
deepened and given new meaning by the contribution of psychoso- 
matic research. Our awareness that the behavior of an individual is 
purposive has been broadened to include the concept that “body 
behavior” is also expressive of the individual’s way of resolving conflict. 
As we achieve understanding of the purpose served by illness we are 
able to appreciate more fully why some of our patients cannot afford 
to give up their physical symptoms until some more satisfying solution 
of their emotional conflict has been achieved. The findings made 
available through the psychosomatically oriented exploratory process 
described by Dr. Deutsch have helped us to appreciate more fully the 
intricate operation of the unconscious and the skill which underlies 
the elicitation and use of such material. We are again made aware 
of the precise and thoroughgoing methods of medical science as it 
steadily moves ahead toward greater understanding of the causes of 
disease and greater skill in its treatment. We have been given, 
through this presentation, new insight about the significance of past 
and current life situations which are shared with us in our own pro- 
fessional relationship with patients. We have been helped to recog- 
nize that tension and anxiety created by the demands made by the 
social environment are the outgrowth of inner as well as outer pressures. 
In other words, the primary contribution of psychosomatic research 
to the field of social casework is the more complete understanding it is 
bringing about the “what” of the patient’s problem. It remains for 
us, as social workers, to define how this deepened understanding may 
enrich our own social work services. We cannot look to medicine 
for this because our function is not to offer medical therapy but rather 
social casework help which is both related and different. 

When I define the specific professional responsibihty of the medical 
or psychiatric social worker as that of helping the patient and his 
family to be more responsible in their use of the physician’s services, 
I am really sa3dng that a primary objective of her service is to enhance 
the usefulness of medical care to the patient and to help the hospital 
to achieve its purpose in medical treatment. I am aware that this 
concept is one which has provoked some criticism by the medical 
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profession. It has been pointed out that medical treatment is offered 
within the medium of the doctor-patient relationship and that if 
there are problems related to it the doctor, not a third person, should 
help to resolve them. This is a valid interpretation of the doctor’s 
responsibility. However, there are problems in using the doctor’s 
help which the patient may not bring to this relationship and which 
may even keep him from taking hold of the help the doctor can give. 
For example, many patients are unable to take the initial step of going 
to the psychiatrist without help and some retreat after the first inter- 
view because of the fears associated with psychiatry. This is especially 
true of the patient who finds the transition from a somatic to an 
emotional focus difficult. He may need a good deal of help from 
both physician and social caseworker before he can use this form of 
treatment which seems initially less useful to him than medication or 
some other therapeutic agent upon which he has become dependent. 
Dr. Deutsch has found this to be true in his own experience and he 
has emphasized that the social worker can render a valuable service 
to both patient and psychiatrist through giving this help. 

Perhaps the largest number of requests from physicians for the 
professional help of the social worker are related to the need for more 
complete understanding of the social situation of the patient. Often 
this referral is made on the basis that the doctor does not have the 
“time” to explore this facet of his patient’s problem. This is an 
unfortunate emphasis if it means that the physician is delegating this 
task to someone else just because he is too busy at the moment to 
investigate this aspect of the patient’s need for help. Actually, the 
physician should take the initial responsibility for identifying the 
social component and the need for further exploration of it just as 
naturally as he takes responsibility for identifying the need for other 
special services. His referral to the social worker should not be 
contingent upon how much time he has but rather upon the fact that 
his own professional evaluation of the problem has pointed toward the 
need for the special skill which the social worker can bring and which 
he, as the doctor, actually does not possess. It is the social workers’ 
responsibility to bring to the patient or his family her own professional 
knowledge and skill which will be productive, not of something better 
than the doctor’s appraisal of the social component, but rather some- 
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thing different than he has perceived as the physician. The social 
worker sees herself not as a competing member of the medical group 
but rather as a contributing one. 

The preparation of a social history has long been an accepted func- 
tion of both medical and psychiatric social workers. We have some- 
times questioned the degree to which this contribution from us has 
been utilized because it has often seemed that the medical care of the 
patient was not related to his actual social situation. We have noted 
in recent years, however, that our social studies have not only been 
read by physicians but that the understanding about the patient 
which we have been able to offer has actually been a part of the total 
body of knowledge upon which medical treatment has been forrnulated. 
As we have become more competent as social workers we have been 
able to carry on this function with greater satisfaction to ourselves 
and our medical associates and with an increased use of it as a means 
of bringing social work help to the patient. Initially we were so intent 
upon meeting the physician’s desire for social data about his patient 
that we failed to utilize a very real opportunity to make this process 
of fact-finding a meaningful and helpful part of the patient’s medical 
care. We were often made aware of our limited contribution by the 
physician, himself, who after reading our comprehensive social study 
would inquire concerning what we had been able to do about the social 
problems we had so aptly described. The medical or psychiatric 
social worker of today accepts the doctor’s request for a social study 
as an appropriate use of her help. However, she has come to see this 
function as a more inclusive and dynamic service for the patient than 
the collection of data about him and the presentation of these to his 
physician. To clarify the nature of this broader service to the patient 
is the purpose of the balance of this discussion. 

Dr. Deutsch has been associated professionally with both medical 
and psychiatric social workers and he has discussed with me the help 
they have been able to give through making available to him certain 
important social data about the patient. He has provided an outline 
for these social workers of the various tjq)es of social information 
which is significantly related to the patient’s illness. He emphasizes 
the fact that his purpose in making the outline available is not to 
provide the questions the worker is to ask but rather to increase her 
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understanding and awareness of the type of social material which 
will be useful to him as the psychiatrist. He does not anticipate that 
the material which the patient contributes during the psychiatric 
interview will parallel that which he has presented to the social worker. 
This difference in the content of the two interviews it not due to the 
patient’s conscious misrepresentation of the situation but rather it is 
related to the difference in the equipment of the two interviewers, and 
in their purpose, focus and method. 

I am aware that this different use of intervewing skill by the social 
caseworker is not fully understood by the medical profession. During 
recent years our emphasis upon the fact that we do not always make a 
home visit as a part of a social study but we may depend entirely upon 
our interviews with the patient or a member of his family group in the 
clinic or hospital has led to some concern about this trend in our 
practice. It has seemed that we were attempting to be psychiatrists 
especially when our social studies have included references to feelings 
and attitudes which have been shared with us by the patient or his 
family. Also we have sometimes used psychiatric terms in our 
description of the patient’s reaction to his illness and the demands 
which it imposes upon him. Our social studies, perhaps, have seemed 
to emphasize the emotional factors in the situation more than the 
reality factors of income and rent and housing. Does this mean that 
the social caseworker is trying to take over the function of the psy- 
chiatrist or does it mean that she has grown in her capacity to see her 
patient as a person who does react physically, intellectually and 
emotionally to the experiences he encounters as he moves through life? 
Were our earlier routine home visits as productive or real under- 
standing of the significance for the patient of his home environment 
as our present use of what the patient, himself, is able to share with us 
about his home and relationships within his family? Medical and 
psychiatric social caseworkers still make home visits but this is not a 
routine procedure in the sense that every family is visited in order 
that we may get a first hand view of the patient’s home situation. The 
home is the patient’s citadel and he may not wish to have it invaded. 
The fact that he is iU and dependent upon us for medical care does not 
mean that we are welcomed visitors in his home, at least not until he, 
himself, can see some real purpose in our visit and becomes a part of it 
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through asking us to extend our interest in him beyond the hospital 
and into his home. When he, himself, is an active participant in the 
planning for our visit to his home he is much more receptive to the 
help we offer to him in relation to some of the problems he is experienc- 
ing at home. 

In the last analysis it is the patient, himself, who has to manage this 
problem of illness and we are dependent upon what he, with his inner 
and outer resources, is able to do with the help we extend. Physicians 
accept the fact that medical therapy is effective to the degree that the 
patient is responsive to it. The “uncooperative patient” makes us 
aware of the fact that the patient may not be able to engage himself 
in the processes of medical care. When he does not choose to carry 
out the steps which are outlined for him, medical therapy is obstructed. 
Actually, the patient has this right to choose but our acceptance of 
this fact does not relieve us of the responsibility for extending help to 
him with the problems which add to his uncertainty about the choices 
he has to make. 

It is often around this problem of making a decision that the social 
caseworker’s help is most needed by the patient. This is not true of 
all patients, of course, because many are able to relate to the authori- 
tative direction of the physician and feel relieved of the responsibility 
for making a decision themselves. Others, however, show an inability 
to accept the doctor’s guidance and initially use their energy in fighting 
or rejecting his help. 

Mrs. A. was a patient who felt that she might lose more than she 
would gain through completing her medical examination and thus was 
resisting the step of having a chest x-ray. The social caseworker had 
been requested by the physician to explore the social factors in her 
situation because it seemed probable that she had active pulmonary 
tuberculosis. In the beginning of the interview, Mrs. A. said quite 
frankly that she was almost certain the x-ray would show that she 
had tuberculosis and she would prefer not to know the truth about her 
condition. Having recently married, she wasn’t “willing to have any 
doctor interfere with my plans.” She felt the doctor might have 
given her a diet or a tonic but he had refused to do this until the x-ray 
was taken. Mrs. A. admitted that she had lost weight, felt tired all 
of the time and had little appetite. She thought she had been working 
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too hard getting settled in her new home and that all she needed was a 
tonic and a diet. She was sure she could find a doctor who would 
prescribe these but if not she would buy something at the drug store. 
The social caseworker commented that although Mrs. A. had come to 
the doctor for his professional help she seemed to have made her own 
diagnosis and decided upon the kind of treatment she needed. Mrs. 
A. was thoughtful for a moment and then replied that she did appreci- 
ate the doctor’s interest in her but she was afraid that he would tell 
her to go to a sanitarium and that would mean the end of everything. 
With the caseworker’s help she was able to talk about how much it had 
meant for her to have a home of her own and how she was looking 
forward to motherhood. She wondered how her husband would react 
to the news of her illness and whether he might become discovuaged 
and leave her. The caseworker agreed that there did seem to be some 
reasons why she might not want to go ahead with her examination 
but wondered whether she might not also wish to take advantage of 
the doctor’s help. Mrs. A. replied that if she actually did have 
tuberculosis she would probably get worse unless she did something 
about it and then all of her plans for the future would be ruined. She 
began to cry and said that she could not understand why this had to 
happen to her. For several minutes she talked about the “bad breaks” 
she had had during her life. The caseworker listened to Mrs. A’s 
account of a long series of disappointing and frustrating life experiences. 
She agreed that there was a real reason why Mrs. A. might want the 
rest of her life to be different. There did seem to be something she 
could do about this particular crisis which might help her to eventually 
have the home and children she desired. Mrs. A. said she had started 
out to do something about it when she had come to the doctor but it 
just seemed to be more than she could manage. The caseworker 
agreed that it was hard to face the whole thing at once and really the 
doctor hadn’t asked her to do that. Mrs. A. nodded and said that 
he had only asked her to have an x-ray of her chest. With some 
further help from the caseworker, Mrs. A. decided that even though 
she was afraid of the outcome she did want the doctor’s help and that 
she could not have this unless she carried through the diagnostic 
procedures he had requested. She said she would carry out these 
steps and then see what she could do from that point on. The case- 



94 


ELEANOR E. COCKERILL 


worker described the type of help she might be able to give her at a 
later point when she might have to make some changes in her life and 
Mrs. A. said she would keep in touch with her. 

The social caseworker, throughout this interview, was not unaware 
of the immaturity with which Mrs. A. was facing this dilemma in her 
life nor was she insensitive to the reality factors which made it so 
threatening. She noted, as Mrs. A. related her life story, a need to 
project blame upon others and limited insight about her own part in 
the various crises she had experienced. It seemed possible that Mrs. 
A. had suffered from the lack of love and affection throughout her life 
just as she had also suffered from the lack of proper food and healthful 
surroundings. AH of these factors had relevance for the social case- 
worker as a part of her understanding of Mrs. A’s reaction to the 
doctor’s request for an x-ray but her professional responsibility was 
to help Mrs. A., with all of the limitations she had, to evaluate the 
situation more realistically and thus avail herself of medical help. 

The professional service of the medical social worker is often utilized 
by the physician who has responsibility for the treatment of the patient 
with a gastrointestinal disorder. Miss S. had a series of hospitaliza- 
tions and had achieved a fairly satisfactory recovery from the stomach 
symptoms which had necessitated medical and nursing care for a long 
period of time. She was eager to be self-sustaining and expressed 
reluctance about returning to her home and again becoming dependent 
upon her mother and sisters. Her physician felt that an opportunity 
to work and a satisfying work experience were important aspects of 
the help Miss S. would require in order to return to a functioning level 
again. In her interview with the caseworker. Miss S. again emphasized 
her hope that she would not have to be dependent upon her family. 
She felt that she really should be supporting her mother and sisters 
because they, too, were ill and unable to care for her. The case worker 
was impressed by the difference between this expressed wish of Miss S. 
to be more adequate and strong and the readity that her illness, which 
had made her dependent upon others for so long, had been character- 
ized by many recurrences of the symptoms which put her to bed. 
She was aware that Miss S. probably had limited capacity to carry 
heavy responsibility and yet an opportunity to work was important 
for her. She noted, with interest, the fact that the patient felt her 
illness began when she was unable to complete her preparation to 
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become a nun because of an accident ■which made it impossible for her 
to go on. Miss S. said that she had felt very secure in the en-vdronment 
of the convent and she had never been ■well since she had had to give 
up this experience. Her family had been disappointed, too, because 
they wanted her to be a nun. She felt they had been critical of her 
failure to realize this ambition. The social caseworker helped Miss S. 
to talk about the kind of working situation in which she felt she would 
be happy and comfortable as weU as self-sustaining and contributing. 
Quite readily. Miss S. shared her wish to work in a rectory. She said 
she had often thought about this possibility but had rejected it because 
she really should find a job where she could earn more and take care of 
her family. The caseworker said she could understand why it would 
seem this way to her but she wondered whether Miss S. might be able 
to begin in a less ambitious way to do this. Miss S. smiled and said 
that her doctor had told her she must not work too hard and he prob- 
ably knew what was best for her. She agreed that she could think 
about earning more money when her doctor felt she was strong enough 
to work in a factory or something of that sort. Miss S. wondered 
whether the worker might be able to help her find a position as house- 
keeper in a rectory. She was offered this service and subsequently did 
carry through, with the social caseworker’s help, the steps which were 
necessary. She was symptom free for nearly a year and then appeared 
in the clinic with a mild recurrence of her symptoms. Inquiry revealed 
that there had been a change in the staff at the rectory and that Miss S. 
was ha^ving difficulty in getting along with the new person who was 
supervising her work. 

Neither Miss S’s physician nor the social caseworker was surprised 
when she retiurned to the clinic at this point in her life when she was 
ha^ving to adjust to a less supportive en^vironment. They continued 
their medical and social work services with the full realization that 
Miss. S. was essentially a dependent person and thatwhen her environ- 
ment made demands upon her which she was unable to meet she 
would again have a need to use her sjmiptoms as a means of manning. 
Her return to the chnic for further help was regarded, not as e^vidence 
that she could not be a socially useful person, but rather as e^vndence 
of the fact that she might continue to need help when confronted by 
demands which exceeded her capacity for meeting them. 

Realistically many indi^viduals do have this problem of ha^ving to 
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meet the experiences of life with limited physical and emotional re- 
sources. There is need for all of us to be as creative and responsible 
in the use of our knowledge and skill in the rehabilitative phase of 
medical care as we are in the curative phase. Psychosomatic research 
has a good deal to offer social caseworkers in terms of understanding of 
the emotional needs which handicapped persons bring to the experience 
of meeting the reality demands imposed upon them by their chronic 
disease. In the case of the diabetic patient, for instance, psychoso- 
matic research has suggested the possibility that the patient may be 
limited in his capacity to assume the degree of responsibility required 
by a diabetic regieme because of his basic need to be dependent. We 
are not always aware of this possibility, particularly when we confine 
our evaluation of the diabetic patient’s capacity to manage the 
regieme outlined for him to a consideration of his intellectual equip- 
ment and economic resources. Many diabetic patients are able to 
grasp intellectually the dietary requirements of their disease and yet 
are unable to assume responsibility for the control of what they eat. 
Others learn how to use the insulin syringe quite readily and yet are 
reluctant to be responsible for this aspect of their daily routine. In 
fact, many of these patients seem to depend a great deal upon their 
relationship with the person who administers the insulin. Social 
caseworkers have observed that a premature termination of their 
own helping relationship with the diabetic patient may be fol- 
lowed by a progressive lessening of his ability to manage his regieme. 
We need to be aware of the fact that the benefit of the physician’s 
knowledge about diabetes and its control and the value for the patient 
of the specific routine worked out by his doctor may be lost entirely 
if we are not sensitive to the patient’s need for supportive help at the 
point when he must assume such a high degree of responsibility for 
his own care. Too often the social caseworker has terminated her 
help when it has seemed certain that the diabetic patient understood 
his diet, when he has learned how to use his syringe and has assured 
those concerned with his care that he can purchase insulin and proper 
food. It has often seemed that the basic essentials have been met 
and that the patient is equipped with the things he needs for the 
experience of living with diabetes. Actually, he may need the help 
of the social caseworker at the point when he takes on this new responsi- 
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bility more than at any other time because of what she can offer in 
terms of support, recognition and encouragement. 

The social caseworker’s service to the patient who has to cope with 
the problem of living with chronic disability often includes the use of 
employment and vocational resources within the community. Psycho- 
somatic research has contributed to the social worker’s understanding 
of the emotional needs which handicapped persons bring to the reality 
experience of utilizing special employment opportunities and other 
services designed to help them cope more adequately with the problem 
of living with a damaged heart or stiff joints or a psychoneurosis. 
This understanding will enrich our services through helping us to be 
more sensitive in our selection of the resources within the community 
which will have maximum usefulness and benefit for the patient. A 
sheltered workshop, for instance, may impose emotional strain upon 
the patient whose need for status and recognition may not be met in 
this protected situation. A position as an elevator starter may have 
infinitely more emotional value for the individual who needs to be the 
“boss” than a job as the operator of an elevator. As we noted in the 
illustration of Miss S., it was important for her to be helped to find an 
employment situation which would meet her emotional, as well as her 
economic needs. 

The problem of physical restoration, with aU that this includes in its 
broadest sense, is the responsibility of medicine and its specialities. 
The social caseworker’s task is that of helping the individual to make 
the best use that he can of himself and his potentialities within the 
social world of which he is a part. The future holds rich promise for 
increased effectiveness on the part of both medicine and social work 
as we continue to grow in understanding and in our professional 
capacity to help individuals face the problem of disease and cope with 
the impact of it upon his living. 



THE ELIMINATION OF POLIOMYELITIS VIRUS FROM 
THE HUMAN MOUTH OR NOSE* 

ROBERT WARD, M.D. and BURRILL WALTERS, B.A. 

Prom the Department of Pediatrics, New York University, College of Medicine, and the 
Children's Medical Service, Bellevue Bospital 

The precise pathways pursued by poliomyelitis virus in travelling 
from the infected host to the susceptible individual have not been 
clearly defined. Although there is considerable evidence in favor of the 
intestinal-oral circuit, the respiratory channel (droplet infection) has 
not been discarded from consideration as an important mode of trans- 
mission. 

This paper reports an experiment designed to answer the question: 
Can poliomyelitis virus be eliminated from the mouth? The question 
is asked because, although poliomyelitis virus has been recovered from 
washings of the nasopharynx (1-6), and oropharynx (3) (7) (8), from 
swabs of the pharynx (9) (7), and from the pharyngeal wall with or 
without the tonsils (10-14) there is no published evidence that it is 
actually expelled from the mouth under natural conditions. Indeed, a 
previous study failed to detect virus in saliva and oral secretions of 20 
patients in the first two weeks of paralytic disease (15). 

MATERIAL AND METHODS 

Tests were carried out on material from 19 patients in the early stages of 
poliomyelitis acquired in an epidemic during the summer of 1945h Because 
Howe and his associates were able to isolate poliomyelitis virus with considerable 
frequency (43%) from pharyngeal swabs taken during the first three days of 
illness and not thereafter (9), this early phase was thought to be perhaps one of 
critical epidemiological importance, and therefore worth emphasizing in the 
present study. 

Collection of Malerial 

Material was obtained from 13 patients on the second, from 5 on the third, 
and from one on the fourth day of illness. Eight patients exhibited weakness 

*Aided by a Grant from the National Foundation for Infantile Paralysis, Inc. 

^Many thanks for their assistance are due to Dr. Frederick P. Lee, Health 
Officer of Paterson, New Jersey, Mr. Thomas Tonge, Superintendent of the 
Paterson General Hospital, and Dr. William A. Dwyer, Physician-in-Charge of 
the Passaic Isolation Hospital. 
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or paralysis at some time, and 11 had an iUness compatible with non-paralytic 
or abortive poliomyelitis (Table 2). 

Firstly, a sterile doth mask was tied over the patient’s mouth and nose for 
one-half hour during which he was induced to talk, blow, cough and expectorate 
into the mask. Most of the subjects cooperated so that the mask became visibly 
wet. The central w'et portion was then cut out with sterile instruments and 
placed in a sterile lusteroid tube containing one ml. sterile distilled water. 
Secondly, the nose was swabbed with two sterile cotton swabs* and lastly two 
swabs of the tonsDlopharyngeal area were taken and similarly stored. These 
materials were either frozen immediately with solid CO 2 , or refrigerated for one 
or two hours and then stored in the frozen state until prepared for inoculation. 

Preparation for Inoculation 

Before attempting to extract human virus from the masks, a preliminary 
experiment was designed to test the proposed method. Since it was important 
to know if minimal quantities of virus could be detected on the mask, titrations 
of a poliomyelitis-like virus’ pathogenic for mice were carried out after the virus 
had been added to sterile cloth masks of the same type used in the human tests. 
Extracts of masks made with distilled water were compared to masks extracted 
with a 0.0001 normal sodium carbonate solution at pH8 and adjusted to about 
pH4 before inoculation. The latter procedure was patterned after that described 
by Wenner for the elution of Lansing virus from cotton swabs (16). Thus, serial 
ten-fold dilutions of a 10% suspension of infected mouse brain were prepared in 
sterile distilled water. Starting with the 10% suspension, 1 ml. of each dilution 
of virus was pipetted on to each of 2 masks. One mask was extracted with 9 ml. 
of distilled water and the other with 9 ml. of sodium carbonate solution at pH8. 
This was repeated with each concentration of virus, so that the final theoretical 
concentrations of virus in the extracts were 10~*, lO”*, lO"^, 10“’, and 10“’. Con- 
trol titrations of virus in distilled water and in sodium carbonate solution at pH8 
were carried parallel with the mask extracts. The results are shown in Table 1. 
Extraction of masks at pH8 was clearly superior to extraction with distilled water 
and when compared with the control suspensions (no mask), showed practically 
no loss of virus. Hence this method was adopted for the preparation of the 
human materials. 

Each mask used in the human test was shredded with scissors and to it was 
added 8 ml. of a sterile 0.0001 normal sodium carbonate solution at pH8, pounded 
briefly in a mortar, and the fluid expressed by means of a 50 ml. syringe with a 
copper wire gauze inside the barrel covering the nozzle. This was designated 
the first extract. It was centrifuged in an angle head (New International) at 
4,000 R.P.M. for one-half hour. To the supernatant fluid was added 15% anaes- 

’Each nasal passage was entered to the depth of 1 to 2 inches. No attempt 
was made to reach the nasopharynx. 

’ Immunologically closely related to Thefler’s FA strain. 
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thetic ether and the mixture was shaken and stored overnight at 3°C. The 
following day the ether was removed by bubbling air through the extract; the 
pH was adjusted to about 4 by the addition of 2% acetic acid and the material 
was inoculated into two monkeys by the intracerebral route. The secmtd extract 
was prepared immediately after the first by adding to the mask another 8 ml. of 
sodium carbonate solution at pH8 and expressing it in the same fashion. To this 
extract was added the sediment obtained from the first centrifugation, and the 
mixture was given intranasally to the same monkeys. 

The nasal and pharyngeal swabs were prepared in the same fashion, 2 ml. of 
sodium carbonate solution being used to extract them. Cultures of all the ether- 
ized materials were usually sterile. 


TABLE 1 


Titration in Mice of Poliomyelitis-like Virus* in Masks Extracted With a) Sodium 
Carbonate Solution at pH 8 Compared With b) Distilled Water 


SnSPEKSlOK 

nNAL CONCXNTXATION OF ViauS 

LD 50 TITRE 
(log 

OF dilution) 

io-» 

1 

1 10-4 

10-* 

10-* 

Control, dist. water 

Control, pH 8 

Mask extract, pH 8 

Mask extract, dist. water 

6/8t 

7/7 

8/8 

.8/8 



4/8 

8/8 

6/8 

0/8 

2/6 

1/8 

5.2 

5.6 

5.2 or more 

3.6 


* The virus used in this experiment was pathogenic for mice and immunologically 
closely related to Theiler’s FA strain. 

t Numerator equals number of mice exhibiting signs of CNS involvement, denomi- 
nator number inoculated. 


Inocitlalion of Monkeys 

Immature rhesus monkeys (Macaca mulatta) weighing 3 to 5 kilograms were 
used throughout. Intracerebral inoculation was performed under ether anaes- 
thesia, the inoculum varying between 1 and 2 ml. Two monkeys were employed 
to test each of the masks, and one monkey for each of the nose and throat swabs, 
respectively. Most of the animals receiving the mask extracts were reinoculated 
after 1 or 2 weeks if no signs of illness had appeared before. It was felt that 
these procedures would favor the detection of virus in the mask, should any be 
there. 

The second extract (unetherized), plus the sediment from the first extract, 
were instilled intranasally (1 ml. in each nostril) daily for two days in respect to 
the mask and for one day in respect to the nose and throat swabs. The olfactory 
bulbs of all monkeys were examined and typical lesions of poliomyelitis were 
found in the bulbs of the two animals inoculated with the mask extract of patient 
Hi (Table 2), suggesting that the nasal administration may have helped to secure 
positive results. 
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Criteria for the Detection of Poliomyelitis Viriu 

The diagnosis of poliomyelitis in the monkey was made on exhibition of weakness 
or paralysis of one or more extremities confirmed by characteristic histological 
lesions in the central nervous system (CNS) — namely, necrosis of nerve cells, 
ncuronophagocytosis, and perivascular cellular infiltration. Paralyzed monkeys 

TABLE 2 


Results of Tests for Poliomyelitis Virus in Material from Nose and Throat 


PATIENT 

AGE 

(VEAfiS) 

TYPE OP 
ILLNESS 

NO. WBC 

IN csr 

DAY OP 
ILLNESS 

VIRUS DETECTED IN 

Throat 

Nose 

Mask 

1 

13 

P‘ 

360t 

2 

o/U 

1/1 

1/2 

2 

4 

P 

N.D.§ 

2 

1/1 

0/1 

2/2 

3 

2 

P 

36 

2 

1/1 

0/1 

0/2 

4 

7 

NP 

SO 

2 

1/1 

0/1 

0/2 

5 

17 

NP 

0 

2 

1/1 

0/1 

0/2 

6 

8 

NP 

61 

2 

1/1 

0/1 

0/2 

7 

5 

NP 

S9 

3 

1/1 

0/1 

0/2 

8 

7 

P 

58 

2 

0/1 

0/1 

0/2 

9 

S 

P 

60 

3 

0/1 

0/1 

0/2 

10 

4 

P 

34 

3 

0/1 

0/1 

0/2 

11 

14 

P 

BIT 

3 

0/1 

0/1 

0/2 

12 

4 

P 

N.D.§ 

4 

0/1 

0/1 

0/2 

13 

21 

NP 

3 

2 

0/1 

0/1 

0/2 

14 

8 

NP 

466 

2 

0/1 

0/1 

0/2 

15 


NP 

0 

2 

0/1 

0/1 

0/2 

16 

9 

NP 

7 

2 

0/1 

0/1 

0/2 

17 

IS 

NP 

8 

2 

0/1 

0/1 

0/2 

18 

11 

NP 

80 

2 

0/1 

0/1 

0/2 

19 

4 

NP 

5 

3 

0/1 

0/1 

0/2 


• P = paralytic. 

NP = non-paralytic. 

t Number of white blood celk in the cerebrospinal fluid. 

t Numerator; number of monke>'S positive clinically and pathologically for polio- 
myelitis. Denominator: number of monkeys inoculated. 

§ N.D. = no spinal fluid cell count recorded. 

^ Lumbar puncture resulted in a bloody tap. 

were sacrificed soon after the appearance of paralysis, all others between 5 and 
6 weeks after inoculation. Histologic examination of the latter brought to light 
no examples of non-paral 3 d.ic poliomyelitis. Portions of the CNS of the monkey 
paralyzed after receiving extract of mask of Patient No. 1 were passaged to a 
second monkey, to 10 mice, and 3 guinea pigs. The monkey developed typical 
poliomyelitis while the other animals remained negative. 
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RESULTS 

Poliomyelitis virus was detected in the masks of two of the 19 pa- 
tients (Tablel). This finding indicates that it can be expelled from 
the mouth or nose at least in some patients under the circumstances 
described. In one of these patients ( iJ? 1) virus was also recovered from 
the nasal swabs, and in patient § 2, from the pharyngeal swabs. Virus 
was isolated from the pharyngeal swabs alone in 5 additional subjects. 
All tests were negative on the 12 remaining individuals. 

Virus was found, with one exception, in materials obtained on the 
second day of illness from patients 3 of whom had paralytic and 4, non- 
paralytic poliomyelitis. Although both positive masks were derived 
from paralytic patients, the numbers are too small to attach any sig- 
nificance to this finding. 


DISCUSSION 

The recovery of poliomyelitis virus from cloth masks into which 
patients had expelled material from the mouth and nose indicates that 
virus can be eliminated, at least under the conditions of this experi- 
ment, from the mouth or nose. This is believed to be the first demon- 
stration of virus elimination from these portals under circumstances 
which come fairly close to being natural. An important question is: 
What is the epidemiologic significance of this finding? Or, in other 
words, does this mean that the disease is transmitted by droplet in- 
fection? The answer obviously cannot be given in straightforward 
terms since many pertinent facts are still unknown. One might 
argue that the demonstration of elimination of virus from the mouth 
or nose supports the theory of contact injection, for which circumstantial 
evidence has been described recently by Aycock, et al (22) and by Casey 
and associates (23). On the other hand, if infection were usually ac- 
quired by aspiration of droplets it is not unreasonable to suppose that 
the nasal pathway, in particular the olfactory, would be utilized. That 
this does not usually appear to be the case has been amply demon- 
strated (17) (13) (18) (14) (19). The failures to detect virus in the 
hiunan nasal mucosa (13) and the experiments in which nasal chemo- 
prophylaxis failed to alter the incidence of the disease (20) (21) may be 
cited as additional evidence against any part of the nasal mucosa 
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serving as the area of primary attack. It is conceivable that virus, 
although aspirated by way of the nose, may actually penetrate the 
mucous membrane of the phar5mx or lower alimentary tract. 

Although contact infection seems to occur in some cases of poHomye- 
htis, the nature and degree of contact necessary for transmission are 
imknown. To many the term “contact” implies “respiratory contact” 
or droplet infection. It should be remembered that, generally speak- 
ing, contact infection can also take place along other channels, for 
example, the intestinal-oral. 

The present experiment was undertaken with the expectation of 
negative results. It was felt that the balance of evidence pointed 
away from poliomyehtis being spread like a respiratory disease. It 
seemed that the presence of virus in the pharynx and its absence from 
the nose might conceivably have an analogous epidemiologic signifi- 
cance to that described by Hamburger et al in regard to the strepto- 
coccus (24). These authors have shown that the “dangerous” carriers 
of the hemolytic streptococcus (i.e. those individuals who discharge 
organisms into the air), are the nasal carriers in contrast to the 
pharyngeal carriers who are not “dangerous”. The frequency of 
elimination of pohomyelitis virus from the mouth or nose is unknown, 
for the number of tests in the present report and the methods employed 
for detection of virus may both be inadequate. Nor has any attempt 
been made in this study to determine if virus is eliminated from these 
portals at still earlier or later stages of infection. 

Lastly, the recovery of virus from the nasal swab of one patient 
(Si, Table 1) whose mask was also positive is open to several interpre- 
tations: a.) virus was present and multiplying in the nasal mucosa, b.) 
the swab had penetrated as far as the nasopharynx and virus was ob- 
tained from the pharyngeal component, and c.) xdrus was in the nasal 
passage as a result of being aspirated from the mask or expelled from 
the pharjmx. Recent evidence (13) (14) (15) is against (a). The 
technique employed in swabbing the nose while not precluding it, 
makes (b) unlikely. Inasmuch as the nose was swabbed after the 
mask had been in place for some time during which forceful expulsion of 
material from tlie throat was taking place, the third possibility appears 
to us as the most likely. It is recognized that no virus was obtained 
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from the throat swab in this case but perhaps that may be explained on 
the use of only one monkey for the test (25). 

■ SUMMARY 

1. Poliomyelitis virus has been demonstrated in material expelled 
from the mouth (or nose) of two patients out of 19 studied. This was 
achieved by having patients blow and spit into cloth masks from which 
virus was extracted. 

2. Virus was also detected in nasal swabs of the first patient and 
pharyngeal swabs of the second patient shown to have eliminated virus 
from the mouth or nose. 

3. In five additional patients virus was isolated only from swabs of 
the pharynx. 

4. Certain impUcations of these findings have been discussed. It is 
to be emphasized that their epidemiological significance or insignifi- 
cance is yet to be be determined. 
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PHYSIOLOGICAL STUDIES IN CONGENITAL 
HEART DISEASE* 

I. Procedures 


R. J. BING, L. D. VANDAM, and F. D. GRAY, Jr. 

Prom the Departments of Surgery and Pediatrics, The Johns Hopkins University and Hospital 

Recent studies whicli led to the surgical treatment of the group of 
congenital heart disease with cyanosis, have stressed the physiological 
importance of diminished rate of pulmonarj’’ blood flow in the pro- 
duction of ano.vemia (1). Varjdng types of congenital malformations 
of the heart with reduced volume of circulation through the lungs have 
been described. These include, first, cases with pulmonary atresia 
or stenosis, alone or in combination mth other malformations to form 
the “tetralog}’' of Fallot”; second, those with a single ventricle in 
which the pulmonar}’’ arterj’’ arises from the rudimentary outlet cham- 
ber; and third, cases with truncus arteriosus, in which the circulation 
to the lungs courses through the bronchial arteries (1). It seemed of 
importance to study, quantitatively, the changes in pulmonary blood 
flow in these conditions in order to correlate this primary abnormality 
with accompanjdng hemodjmamic and respiratory alterations. Fur- 
thermore, the severity and prolonged duration of anoxemia in individ- 
uals witli reduced pulmonary blood flow pro\dded an opportunity 
to investigate certain aspects of physiological adaptation to reduced 
arterial o.xygen saturation. Finally, the practical significance of 
recognizing pulmonary stenosis and atresia preoperatively has made it 
advisable to stud}'- the diagnostic value of the physiological tests 
outlined below. 

This communication deals with technical procedures employed in 
the study of congenital heart disease belonging to the cyanotic group. 
Separate reports will be pubh'shed which deal -with preoperative findings 
in patients with reduced pulmonary blood flow, with postoperative 
findings in the same group, and with investigations in indiwduals with 
increased circulation through the lungs. 

* This study was supported by a grant from the Commonwealth Fund. 
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The following procedures were employed: measurement of oxygen 
capacity and oxygen, saturation of arterial blood; measurement of the 
oxygen and carbon dioxide content of blood obtained from peripheral 
arteries and from the cardiac chambers accessible to catheterization via 
the right side of the heart; determination of the rates of oxygen con- 
sumption and carbon dioxide elimination by indirect calorimetry; gas 
analyses of respiratory air under various conditions; and, finally, 
recording of arterial and intracardiac pressure curves. 

Some of the data obtained were used for calculation of the blood 
flow through the lungs and the systemic circulation, and for estimation 
of the volume and direction of extra- and intracardiac shunts. These 
calculations in some instances involve assumptions which are of doubt- 
ful validity and it is realized that the resulting figures should be looked 
upon as no more than approximations. The actual data upon which 
the calculations have been based will be presented in the following 
papers. The succeeding paragraphs of this paper deal with the theoret- 
ical basis of the calculations and indicate some of the sources of error. 

Meastiremeni of the circulation through the pulmonary artery and the 
systematic circulation: According to Pick (2), the output of the heart 
may be calculated with the formulae: 

1. Cardiac output (ml. per min.) 

O 2 intake (ml. per min.) ^ 

O 2 content of arterial blood (vol. per cent) — O 2 content 
of mixed venous blood (vol. per cent) 

or 

2. Cardiac output (ml, per min.) 

CO 2 output (ml. per min.) 


100 


CO 2 content of mixed venous blood (vol. per cent) 
— CO 2 content of arterial blood (vol, per cent) 


X 100 


During recent years Cournand and associates developed methods 
which permit the direct application of these formulae to the deter- 
mination of cardiac output in man (3a). Samples of mixed venous 
blood from the right auricle or ventricle are collected by catheterization 
of these chambers and arterial samples are secured by direct puncture 
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of a peripheral artery'. Blood gas values obtained by Coumand’s 
methods provide valid figures for pulmonary blood flow only if the 
oxygen and carbon dioxide contents of peripheral arterial blood are 
identical with those in the pulmonary vein. In the majority of cardiac 
abnormalities, however, which were the subject of this investigation, 
admixture of blood resulted in arterial blood gas values which differed 
from those in the piflmonary vein. Consequently it was found neces- 
sary to derive values for oxygen and carbon dioxide concentrations of 
the pulmonary vein blood by indirect means. To accomplish this the 
following formula was employed; 

3. O 2 content of pulmonary vein (vol. per cent) = percentage Oj 
saturation of pulmonary vein X O 2 capacity (vol. per cent) 

The percentage of oxygen saturation of the pulmonary vein blood was 
assumed to be 95 per cent. This represented an accepted value for 
normal individuals (4), and agreed with our analyses of pulmonary vein 
blood obtained tlirough direct catheterization of that vessel in 4 cases 
with tetralogy of Fallot. 

The carbon dioxide content of the pulmonary vein blood was derived 
from the alveolar concentration of this gas, the volume of the gas per 
100 cc. of blood being obtained by plotting the tension on an oxygenated 
carbon dioxide absorption curve which was determined for each patient. 
The oxygen capacity was determined according to the method des- 
cribed in a subsequent paragraph. 

The blood flow through the pulmonary artery was subsequently 
calculated udth the equations: 

4. Pulmonary artery flow (ml. per min.) 

_ Qi intake (ml. per min.) ^ 

O 2 content of pulmonar>' vein (vol. per cent) — O 2 
content of pulmonary artery (vol. per cent) 

' Formulae described in this paper include calculations of flows with both blood 
oxygen and carbon dioxide. In the succcedLng reports, however, calculations 
based on blood carbon dioxide \’alues will be omitted, since their accuracy has been 
found to be questionable (3b). 
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or 


5. Pulmonary artery flow (ml. per min.) 

COa output (ml. per min.) ^ 

COa content of pulmonary artery (vol. per cent) — 

COa content of pulmonary vein (vol. per cent) 

In normal individuals, sampling of blood from the pulmonary artery 
has been easily accomplished by catheterization (5). In the majority 
of patients with severe pulmonary stenosis, however, this procedure 
was impossible, since the catheter could not be passed through the 
narrowed lumen. In these cases gas values for right ventricular blood 
were substituted for those of the pulmonary artery. Large interventric- 
ular septal defects with shunting between the chambers made it 
probable that the concentration of blood gases in the right ventricle 
was not identical with that in the pulmonary artery, introducing an 
error in the estimation of pulmonary artery blood flow. A further 
difi&cultyin the calculation of the blood flow through the pulmonary ar- 
tery bymeansof the Pick principle arosefrom the observation that some 
individuals, especially those belonging to the older age group, had 
developed a large collateral circulation to the lung as compensation for 
the pulmonary stenosis. In these cases, the quantity of oxygen con- 
sumed or of carbon dioxide released was too high in relation to the 
volume of blood which reached the alveolar epithelium via the pul- 
monary artery alone. This error in the calculation of pulmonary flow 
became greater as the ratio of collateral circulation to pulmonary 
artery flow increased. In pulmonary atresia, for instance, the total 
amount of oxygen diffusing through the alveolar epithelium was taken 
up by the pulmonary collaterals. In these cases, where pulmonary 
artery flow must be zero, values for pulmonary artery flow were 
obtained by calculation. This makes the recognition of pulmonary 
atresia impossible by the methods described above.* 


* An attempt was made to overcome this difficulty in calculating pulmonary 
artery flow with formulae developed from mijung equations. 


1 . 


(PACOa X PAF) -f (CCOi X CF) 
PAF + CF 


= PCCOj 


2. PCF ■= PAF + CF 
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These considerations made it evident that values estimated for the 
blood flow through the pulmonary artery in patients with tetralogy of 
Fallot and related conditions were approximations. They were, how- 
ever, of sufficient accuracy to permit a preoperative diagnosis of pul- 
monary stenosis, although the degree of the stenosis could not be 
predicted with accuracy. 

Measurement of systemic blood flow: The Fick principle was also 
applied in determining the blood flow through the systemic cirexflation. 
Because of the admixture of blood in hearts with interventricular 
septal defects, carbon dioxide and oxygen concentrations in right ven- 
tricular blood were not identical with true mixed venous blood. Al- 
though normally the blood entering the heart is not fully mixed until 
it reaches the right ventricle ( 6 ), right auricular samples had to be used 
in the calculation of systemic blood flow according to the formulae: 

6 . Systemic flow 

O2 consumption (ml. per min.) ^ 

O2 content of arterial blood (vol. per cent) — O2 content 
of right auricular blood (vol. per cent) 

or 


7 . Systemic flow 


C02 production (ml. per min.) 


CO2 content of right auricular blood (vol. per cent) 
— CO2 content of arterial blood (vol. per cent) 


X 100 


Values for oxygen consumption and carbon dioxide production used 
in the above formulae refer to the oxygen consumed and carbon dioxide 
produced by the tissues. It can be assumed, however, that these 
values are identical with the oxygen uptake and carbon dioxide output 
in the limg. 


where PACO2 = CO2 content of pulmonary artery; PAF = Pulmonary artery flow; 
CCO2 = C02 content of collateral circulation; CF = Collateral flow; PCCO2 = CO2 
content of pulmonary capillary blood; FCF = Pulmonary capillary flow. 

Equation 1 solves for PAF and CF in terms of each other. Then, by substitut- 
ing in equation 2, the absolute values are obtained. These formulae permitted 
calculations of pulmonary artery flow without using values for oxygen consump- 
tion. However they were abandoned since they relied upon carbon dioxide values 
of doubtful accuracy. 
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The systemic flow calculated with formulae 6 and 7 represents only 
the blood flow through the systemic circulation; it does not include the 
flow through the pulmonary collaterals, which originate from systemic 
vessels and course to the lung. These pulmonary collaterals do not 
share in the unloading of oxygen or the uptake of carbon dioxide in 
the tissues and contribute nothing to the total oxygen consumption or 
carbon dioxide production. Consequently, the amount of blood which 
courses through the aortic valves during systole (the aortic output) 
represents the sum of systemic flow and collateral circulation to the 
lung. 

Delermination of the total volume of blood perfusing the lung {piilmojiary 
capillary flow) : Clinical findings frequently indicated that pulmonary 
stenosis was accompanied by large collateral circulation or by a per- 
sistent ductus arteriosus. Consequently it seemed of interest to 
determine the total volume of pulmonary blood flow in order to 
compare it with the blood flow through the pulmonary artery. Here 
the Pick principle could be applied only if the concentrations of blood 
gases entering and leaving the pulmonary capillary bed were known. 
These values could be estimated by indirect means only. For this 
purpose the pulmonary alveolar space was employed as an aerotononP- 
eter for carbon dioxide in order to determine the concentration of 
this gas in the blood as it entered the pulmonary capillaries. After 
various unsuccessful attempts to obtain equilibration through the use 
of rebreathing methods a procedure was adopted which combined in 
principle the methods of Christiansen, Douglas, and Haldane (7) and 
of Field and his co-workers (8) . Three anesthesia bags were filled with 
carbon dioxide and oxygen mixtures from specially prepared storage 
tanks. Since the partial pressure of carbon dioxide in the pulmonary 
capillary blood ranged from 25 to 40 mm. of mercury, the carbon 
dioxide contents of the bags were approximately 4, 5, and 6 per cent 
of carbon dioxide respectively, the remaining volume being composed 
of oxygen. The small difference' between ‘t-he carbon dioxide contents 
of the bags was necessary beOaUsd it’.W^ftuhd that equilibration was 
impossible if the carbon ^mxi^^‘t|hsions uf bag differed more than 
2 per cent from those, pfji^^j^jcap^^^yglilpod. The total amount 
of gas in the bags.wa^ia^’jSgt^^eajffiiifOBSbitaithe vital capacity of the 
subj'ect. After collection of expired air for measurement of the carbon 
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dioxide.output the blood coming in contact with the pulmonary alveoli 
was equilibrated successively with the carbon dioxide of each bag. 
This was accomplished by requesting the patient to inhale the contents 
of the bag completely. After holding the gases in the lung for a period 
of 8 to 10 seconds, the equilibrated carbon dioxide mixture was exhaled 
into the bag by a forceful expiration. Special care was taken to assure 
maximal expiration in order to collect a representative sample of 
equilibrated lung air. If after analysis the final concentrations of 
carbon dioxide in the three bags were within .2 per cent of one another, 
it was assumed that equilibration had been reached. In several cases 
it was found necessary to re-equilibrate the bags several times, before 
their carbon dioxide contents reached satisfactory agreement. Alveo- 
lar air was then collected in order to determine the carbon dioxide 
content of pulmonary vein blood. This'was accomplished by methods 
described later. To determine blood gas'concentrations in volumes per 
cent the averaged final carbon dioxide tensions in the bags as well as the 
carbon dioxide tensions in the alveolar air were plotted on an oxy- 
genated carbon dioxide absorphon curve' f or the individual. Pulmo- 
nary capillary flow was then calculated according to the formula: 

8. Pulmonary capillary flow (Total pulmonary blood flow) ml. per 
min. 


CO; output (ml. per minute) 


CO; content of blood reaching alveoli (vol. per cent) — 
CO; content of pulmonary vein blood (vol. per cent) 


X 100 


The principal source of error inherent in the determination of pul- 
monary capillary flow, by the method described above, lay in the 
possible occurrence of re-circulation of blood already in contact with 
the carbon dioxide in the bags (9). This could result in low calculated 
flows by raising the,- arteriovenous difference in formula 8. For this 
reason the results obtained iwith -the method; described above can only 
be accepted as api2ro?iiihations.y;:The physiological and diagnostic 
value of this methodIc!hqKevfiri[isvjll .-become obvious in the suceeding 

. . - ijninnoq .imi '-'.'ofi !'. ' 

Deterininahon of shunlsr Pulmonary capulary flow, as defined 
above, represented thfe'ahfbu k^bffb lbbd' teaching the lung through the 
pulmonary arteryiakd')throdglcioQll0teraL vessels. Consequently, the 
' .lov) boold ebhuc 3il,;i 
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measurement of total pulmonary artery and capillary flows permitted 
the determination of the volume flow through the collateral circulation 
to the lung by the following formula: 

9. Collateral circulation to the lungs (ml. per minute) = piflmonary 
capillaryflow (ml. per minute) — pulmonary artery flow 
(ml. per minute) 

It has been impossible, with the methods described, to state whether 
or not the collateral circulation consists of a patent ductus or of a 
series of vessels originating in the aorta. Consequently, the sxun total 
of the blood flowing to the lung through channels other than the 
pulmonary artery will be referred to as “collateral circulation” in the 
succeeding papers. 

In cases of tetralogy of Fallot systemic flow exceeded that through 
the pulmonary artery, the difference between the two volume flows 
representing the shunt from the right ventricle through the interventric- 
ular septal defect or the overriding aorta. Therefore, it was possible 
to calculate the intracardiac shunt, “right to left.”: 

Formula 10: Intracardiac shunt (right to left) (ml. per minute) = 
volume of blood flow through the systemic circulation 
(ml. per minute) — volume of blood flow through pul- 
monary artery (ml. per minute) 

Calculation of mixed venotis pulmonary flow: It became evident 
that the volume of intracardiac right to left shunt rather than a de- 
crease in pulmonary blood flow contributed to arterial unsaturation 
by preventing the contact of mixed venous blood with pulmonary 
epithelium. Formulae were therefore derived which permitted calcu- 
lations of the amoimt of mixed venous blood perfusing the lung. 
Mixed venous pulmonary flow may be defined as the volume of blood 
which after its return to the right auricle, ultimately reaches the pul- 
monary alveoli. Since it is the only component of the circulating 
blood which becomes effectively oxygenated in the alveolar space it 
will be referred to as the “effective pulmonary blood flow”. 

11. Effective pulmonary blood flow (ml. per minute) 

_ O 2 consumption (ml. per min.) ^ 

O 2 content of pulmonary vein blood (vol. per cent) — 

O 2 content of right auricle blood (vol. per cent) 
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12. Effective pulmonary blood flow (ml. per. min.) 

CO2 output (ml. per min.) ^ jqq 

COj content of right auricle (vol. per cent) — CO2 
content of pulmonary vein (vol. per cent) 

The percentage of the total mixed venous blood which reaches the 
pulmonary epithelium was subsequently calculated with the following 
equation. 

13. Percentage of total mixed venous blood reaching lung 

_ effective pulmonary blood flow 
systemic blood flow 


The relationship between pulmonary Dentilation and gas exchange at 
rest and during exercise: The relationship between the breathing 
requirements (volume ventilation per minute) and the oxygen con- 
sumption and carbon dioxide production were investigated at rest and 
during a standard exercise identical with that described by Cournand 
and Richards (10). In several instances the breathing requirements 
were also studied during the period of recovery from exercise. The air 
expired during exercise was collected in a Douglas bag and its oxygen 
and carbon dioxide contents as well as its total volume were subse- 
quently determined. Changes in minute volume during the recovery 
were recorded on an electrically driven kymograph which was con- 
nected with the bell of a Tissot spirometer. Arterial blood samples 
were taken preceding and immediately following the performance of 
the exercise. 

Special teclmiqucs: Arterial and intracardiac pressures were opti- 
cally recorded by means of a Hamilton manometer (11). Membranes 
of various sensitivities were used. Systemic mean pressures in the 
femoral artery were calculated by planimetric integration of the area 
under the pressure curve. The resistance in the systemic circulation 
(pheripheral resistance) was calculated by the formula of Aperia (12): 

14. Peripheral resistance 

_ mean systemic blood pressure ^ ^^32 
flow in systemic circulation per second 
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This formula represents the loss of pressure head in the peripheral cir- 
culation in absolute units, one unit representing one dyne /sec/cm'. 

The method of Haldane and Priestley was followed in collecting 
alveolar air samples (13). This procedure required a degree of coopera- 
tion from the subject which could not be obtained from younger chil- 
dren. In these individuals an automatic alveolar air sampler, first 
described by Smith and Heinbecker, was employed (14). Alveolar 
samples obtained with the automatic sampler agreed with those ob- 
tained by the method of Haldane and Priestley. 

Carbon dioxide dissociation curves were constructed for the blood 
of each individual since the slope of the curve varied with the hemo- 
globin content of his blood. The method described by Peters was 
followed, the carbon dioxide contents and tensions being plotted against 
their logarithms (15). By following this procedure, linear oxygenated 
absorption curves were obtained from the points determined by equili- 
bration of 5 cc. samples of blood with carbon dioxide concentrations 
of 4 and 7 per cent respectively, the remaining volume being composed 
of oxygen. Equilibration was carried out in a water bath at a tem- 
perature of 37°C. in tonometers of 450 cc. capacity. 

All tests were performed under basal conditions without anesthesia. 
Carbon dioxide eliminated and oxygen consumed were determined by 
analysis of expired air collected in a Douglas bag, and measured in a 
Tissot spirometer. The gas anjdysis apparatus of Haldane, Boothby 
and Sandiford was used for the measurements of oxygen and carbon 
dioxide (16). All gas volumes were e.xpressed in terms of dry gas at 
760 mm. mercury and at 0 degrees Centrigrade. 

Arterial blood was obtained by puncture of the brachial or femoral 
artery, after infiltration of the skin with 2 per cent procaine hydro- 
chloride. The blood was collected under oil in syringes, each contain- 
ing 2 mgs. sodium fluoride and 15 mgs. potassium oxalate per 10 cc. 
of blood. The oxygen capacity was determined by equilibration of 
6 to 8 cc. of blood with room air for 20 minutes in tonometers of 450 cc. 
capacity. All blood gas analyses were carried out in the manometric 
apparatus of Van Slyke (17). 

DISCUSSION 

The preceding description of methods demonstrates the difficulties 
encountered in adapting the Pick principle to the study of the cir- 
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culation in individuals with malformations of the heart. This becomes 
especially apparent in the determination of the blood flow through the 
pulmonary artery. Interventricular admixture of venous with oxygen- 
ated blood results in concentrations of carbon dioxide and oxygen in 
the femoral artery which difier from those in the pulmonary vein. The 
tensions of these gases in the pulmonary vein, therefore, have to be 
calculated indirectly. The carbon dioxide content of the pulmonary 
vein is derived from the alveolar carbon dioxide tension, the oxygen 
content by multiplying the oxygen capacity of tlie blood by an as- 
sumed pulmonary vein saturation of 95 per cent. Results to be de- 
scribed in detail in subsequent publications confirm the validity of 
the latter assumption. 

The failure to secure blood samples from the pulmonary artery of 
patients with severe pulmonary stenosis introduces a serious obstacle 
to the calculation of pulmonarj^ artery blood flow. In these cases 
values for right ventricular blood must be substituted for those of the 
pulmonary artery, although in hearts with large interventricular shunts 
the gaseous content of right ventricular blood differs from that of the 
pulmonary artery. On the other hand, results, obtained in several 
cases with moderate stenosis in which the pulmonary artery could be 
intubated, demonstrate that the oxygen and carbon dioxide contents 
of the right ventricle and of the pulmonary artery differ only slightly 
if the catheter tip lies close to the pulmonary valve. 

The development of a large collateral circulation to the lungs 
adds to the difficulties already encountered in the estimation of 
pulmonar}’- artery blood flow. In these the quantity of oxygen 
consumed or of carbon dioxide released is too high in relation to the 
total minute volume perfusing the pulmonary artery. With an in- 
crease in the ratio of collateral circulation to pulmonary artery flow 
the accuracy of the formulae 4 and 5 diminishes. Consequently 
establisliing the diagnosis of pulmonary atresia, in which pulmonary 
artery' flow is zero, is impossible by these methods. 

The foregoing discussion makes it apparent that values calculated 
for blood flow through the pulraonarj’' arterj' can only be considered 
approximations. On the other hand, the values are sufiiciently reliable 
to permit their use in the preoperativc recognition of pulmonary 
stenosis. This is demonstrated by the fact that in all instances in 
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which evidence for reduced pulmonary artery flow was obtained by 
calculation, pulmonary stenosis was found during operation. 

In contrast to the determination of piflmonary artery flow, the total 
amount of blood perfusing the lung (pulmonary capillary flow) can be 
calculated by indirect means only. One of the advantages of the 
indirect method lies in the fact that by comparing the results therefrom 
with those of catheterization of the pulmonary artery or right ventricle, 
the amount of collateral circulation to the lung can be estimated. This 
is of diagnostic importance since it is often difficult to distinguish on 
clinical or fluoroscopic grounds increased collateral circiflation from 
increased pulmonary artery flow, which is found in Eisenmenger’s 
syndrome. Emthermore, the amount of collateral circulation is of 
physiological importance as it represents one of the mechanisms by 
which the individual adapts to decreased pulmonary artery blood flow. 
Finally, following the Blalock operation, the determination of pul- 
monary capillary flow is of aid in the calculation of postoperative 
changes in the circulating volume of pulmonary blood. 

The most important error in this method lies in a possible recir- 
culation of carbon dioxide through the lung during equilibration 
a factor which results in abnormally high carbon dioxide values for 
blood entering the pulmonary capillaries and correspondingly low 
figures for pulminary capillary flow (9). 

The determination of the volume of mixed venous pulmonary flow 
is of importance since it is the only component of the circulating blood 
which becomes effectively oxygenated in the pulmonary alveoli. 
Consequently this component is the “effective pulmonary blood flow,” 
and determines the peripheral arterial oxygen saturation. Further- 
more, postoperatively, the effect of the Blalock-Taussig operation can 
be calculated quantitatively by changes in the effective pulmonary 
flow. 

Studies comparing the relationship of pulmonary ventilation and 
gas exchange during rest and exercise are undertaken primarily 
to investigate the ability of the individual to adjust his pulmonary 
flow to the increased respiratory demands of exercise. It has been 
shown that in normal individuals, the ratio of oxygen intake to the 
ventilatory volume rises during exercise, while the ratio of carbon 
dioxide output to liters of ventilation remains constant (10). In 
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individuals, however, in whom large areas of the lung during exerdse 
/are ventilated but not perfused, the ratio of o.vygen consumption to 
respiratory volume decreases. If the circulation through the lung is 
very seriously impaired, then the ratio of carbon dioxide output to 
liters of ventilation also declines. 

Analyses for respirator)’- gases in arterial blood at rest and during 
exercise have a similar purpose (10). In normal subjects a standard 
exerdse is immediately followed by a sh'ght dedine in the oxygen 
saturation of arterial blood and an appredable drop in carbon dioxide 
content. During exerdse, when shunting of blood occurs by passage 
through vessels which fail to reach the alveolar epithelium, the arterial 
oxygen saturation decreases and the carbon dioxide content of arterial 
blood usually rises. Therefore, in the recognition and physiological 
interpretation of variations in the effective pulmonary blood flow, the 
exercise test represents a valuable supplement to the methods already 
described. 


srauiARY 

Technical procedures employed in the study of congenital heart 
diseases belonging to the cyanotic group, have been described. 

The physiological and diagnostic values of these procedures and 
their limitations are discussed. 

Wc are indebted to Mrs. F. Kelmenson, Miss E. Keavney, Miss B. Harris 
and Mrs. J. Morse for their cooperation and assistance. 
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II. Results of Preoperattve Studies in Patients ^VITH 
Tetralogy of Fallot 

R. J. BING, L. D. VANDAM, and F. D. GRAY, Jr. 

From the Departments oj Surgery and Pediatries, The Johns Hopkins University and Hospital 

In the first paper of this series the various physiological procedures 
employed in the investigation of congenital heart disease vith cya- 
nosis were described (1). This report deals with the results of pre- 
operative studies on patients in whom clinical and physiological 
examinations indicated the presence of reduced pulmonary blood 
flow. 

The Blood Flow Through the Pulmonary Artery, the Systetuie Cir- 
culation, and the Volume of Intracardiac Shunt: The volume of blood 
flowing through the pulmonary arteries was calculated according 
to formula 5 of the preceding paper in a total series of 120 patients with 
pulmonic stenosis. Table I illustrates that in 36 of 48 consecutive 
studies selected for presentation in this paper the flow through the pul- 
monary artery per square meter of body surface was below 3.00 liters 
per minute which is the normal cardiac index established by Cournand 
and associates (2). The systemic blood flow, on the other hand, calcu- 
lated per square meter of body surface according to formula 6 of the 
preceding paper, showed marked variations above and below the values 
for normal cardiac index. In 14 patients the rate of flow in the sys- 
temic circulation was increased above normal standards. As a result 
of the increased rate of flow through the peripheral circulation the dif- 
ferences between the oxygen and carbon dioxide contents of peripheral 
arterial and right auricular bloods were below normal. In 9 individ- 
uals the systemic blood flow approximated Cournand’s standards for 
cardiac index, whereas in 13 the systemic flow was below these stand- 
ards (Table I). In one indhddual the calculated blood flow through 
the pulmonarj' artery^ was 20 per cent of normal (case 12, Table I). 
Although a preoperative diagnosis of pulmonary atresia could not be 

* This work was supported by a grant from the Commonwealth Fund. 
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made for reasons outlined in the preceding paper (1), the extremely 
low values for pulmonary artery flow suggested the presence of this 
condition. This assumption was confirmed at operation. 

A comparison of the data obtained for systemic flows with those 
for the pulmonary artery demonstrated that the former exceeded 
pulmonary artery flow by from 0 to 9.7 liters per minute. This indi- 



Fig. 1. illustrates the results obtained in a case (E. R. age 17) of tetralogy of 
Fallot. It may be seen that the systemic flow exceeds that through the pulmonary 
artery, resulting in a right to left shunt of 580 cc./minute. The pulmonary 
capillary flow exceeds that through the pulmonary artery, indicating the presence 
of collateral circulation to the lung of 950 cc./minute. 

cated that in tetralogy of Fallot some of the returning mixed venous 
blood, unable to pass through the stenosed pulmonary artery into the 
lung, coursed through the interventricular septal defect and the over- 
riding aorta directly into the systemic circulation. Consequently, as 
illustrated in Fig. 1, which represents a tjqiical case of tetralogy of 
Fallot, the overall direction of the intracardiac shunt was from right 
to left. However, there was some concomitant flow from left to right 
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through the septal defect. This was indicated by the observ^ation 
that the oxygen content of right ventricular blood e.xceeded that of the 
right auricle in the majority of cases (Table I). In 2 individuals 
(S!19 and 34, Table I) both s>'stemic and pulmonary artery flows 
were reduced below normal values for cardiac indc.v by an equal 
amount. It could be assumed that in these cases of pulmonic stenosis 
the accompanj'ing interventricular septal defect was small and the 
aorta arose chiefly from the left ventricle. This assumption was sup- 
ported by the fact that the oxygen saturation of peripheral arterial 
blood in these patients was above 88 per cent despite greatly reduced 
flow tlirough the pulmonary artery (Table I). These considerations 
suggested that the variations in systemic flow observed in patients 
with tetralogy of Fallot were related to the degree of pulmonary' steno- 
sis and the size of the intracardiac shunt. 

The Pulnwnary Capillary Flow {Total Pulmonary Flow): Values for 
pulmonary capillary flow, calculated according to formula 8 of the 
preceding paper, are listed in Table II. In most of the younger individ- 
uals the values obtained with this method agreed closely with those 
determined for pulmonary artery flow. In the majority of older pa- 
tients, however, pulmonary capillary flow exceeded pulmonary artery 
flow, indicating that the lungs received blood from sources other than 
tlie pulmonary artery (Fig. 1 ). Direct observations of collateral dreu- 
lation during operation have confirmed these findings (3). A linear 
relationship, however, between age and the magnitude of collateral 
circulation has not been obtained. This should be e.xpectcd since in 
younger individuals atresia of the pulmonary artery required sufli- 
cient collateral circulation for the suiv'ival of the individual. A large 
calculated difference between pulmonary capillary and pulmonary ar- 
tery flow was found in the oldest person of this series ( ^ 6, Table II), 
who had been dinically dassificd as a case of Eisenmcngcr’s syndrome. 
At operation the pleural cavity was found obliterated by adhesions 
tlirough which innumerable collaterals from intercostal and mammary 
arteries passed to the lung. In other patients in whom calculations 
indicated the presence of extensive collateral drculation to the lungs 
large brondrial and multiple accessory arteries were found. It seemed 
probable that the collateral circulation to the lung represented an im- 
portant factor in the physiological adjustments of these individuals 
to their abnormally low pulmonary artery flow. 



TABLE I 

Data Obtained by Right Heart Catheterization 
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Of further interest were 4 cases in which the clinical findings indi- 
cated the presence of a patent ductus arteriosus together with reduced 
pulmonary artery flow (^4, 9, 19, 20, Table II). Figure 2, which 
presents the findings in one of these cases, demonstrates that the pul- 
monary capillary flow exceeded the flow through the pulmonary artery, 
because of a large collateral circulation to the lung contributed by the 


oucrus 



TOTAL WiMOWARy - 

[pulmonary capillary flow] 


Fig. 2. represents the volume flows in a patient O. J. age 24 with tetralogy of 
Fallot and patent ductus arteriosus. The intracardiac right to left shunt is 2420 
cc./minute. The volume flow in the ductus, calculated as the difference between 
pulmonary capillary and pulmonary artery flows, is 3120 cc./minute. 


ductus. Confirmatory evidence for the existence of a patent ductus 
arteriosus in the presence of pulmonary stenosis has not been obtained 
in these individuals since operation has not been performed. How- 
ever, the combination of clinical and physiological data strongly sug- 
gested the combination of a patent ductus and pulmonary stenosis. 

Blood Pressures and Peripheral Resistance: Intracardiac and systemic 
blood pressures were obtained in a series of 22 patients with clinical 
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and physiological evidence of tetralogy of Fallot. Tabic III shows that 
the right intra'vcntricular systolic pressure was elevated in every in- 
stance except one (//21, Table I II); pressures recorded rangedfrom20 
to 1 10 mm. above the normal values of 18 to 28 mm. of mercury. The 
diastolic pressure in the right ventricle was elevated in 8 cases (Table 
III). It is probable that in several individuals the high diastolic 
pressures were the result of backward failure which was clinically 
manifest in these individuals. In 6 cases where the catheter was 
passed into the pulmonary artery through the stenosis, a sharp fall 
in pressure was observed (Fig. 3). In some of these individuals the 
pulmonarj' arterv’ pressures were so low that only the slightest excur- 
sions arc recorded. It seemed of special interest that in a large number 
of cases systolic pressures in the femoral artery were of the same order 
as those in the right ventricle (Table III), although the pressures were 
not recorded simultaneously. Complete agreement in the heights of 
the systolic pressures existing in the right ventricle and the aorta 
was obtained in 3 subjects in whom the catheter was passed from the 
right ventricle through the aortic valve (Fig. 4) indicating equilibration 
of pressures in the two chambers. 

In 19 cases the peripheral resistance was calculated according to the 
formula of Aperia, which mathematically c.xpresscs the ratio between 
pressure and resistance (4). Table III shows that values obtained 
for peripheral resistance ranged from 600 to 6000 dynes/sec/em'/M^, 
while the blood pressures remained approximately constant. Conse- 
quently a logarithmic relationship existed between systemic flow and 
peripheral resistance (Fig. 5). Since the results reported in the pre- 
ceding paragraphs indicated that the variations in systemic flow were 
related to the size of the intracardiac shunt, it would appear that 
changes in the peripheral resistance occurred as a compensator}- re- 
sponse to the alterations in flow. 

Oxyt^cn Ccnsuv'.ption and Basal MdahoUc Rale: Table I demon- 
strates that the oxx-gen consumption in the great majority of individ- 
uals with decreased cfTcclive pulmonarv- flow was reduced. similar 
obscn-alion has been made by Dexter (5). The basal metabolic rate 
calculated from these figures ranged as low as —48. This finding was 
of considerable interest since it suggested that the decrease in the 
overall metabolic processes might be the result of prolonged anoxemia. 



TABLE II 

Dala Obtained by the Equilibration Method for the Determination of Pulmonary Capillary Flow 
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Although a similar trend was obtained by Lilienthal and Riley in men 
during anoxia of short duration (6) and by Ogata in rabbits (7), most 
observers did not notice a reduction in the oxygen consumption of 

TABLE III 


Intraventricular and Peripheral Blood Pressures and Calculated Peripheral Resistances 


NO. 

DATE 

1946 

SUBJECT 

SEX 

AGE 

FRESSUEB FEMOEAI. 
ARTERY UM. HG. 

PRESSURE 
RIGHT 
VENTRICLE 
MU. HG. 

SYSTEM. 

PLOW 

liters/ 

MIN./M* 

PERIPHERAL 

RESISTANCE 

DYNES. 

sec./cmVh* 

NO. 

Syst. 

Diast. 

Mean 

Syst. 

Diast. 

1 

8/5 

B. H. 

F 

8 

120 

75 

105 

128 

0 

5.16 

1630 

1 

2 

9/3 

V. B. 

F 

13 

139 

86 

98 

115 

9 

1.25 

6250 

2 

3 

9/9 

D. B. 

M 

10 

92 

H 


111 

0 

2.10 

2660 

3 

4 

9/11 

C. P. 

M 

11 

94 

B 


128 

16 

4.5 

1404 

4 

S 

9/16 

A. S. 

M 

24 




140 

0 



5 

6 

9/20 

R. F. 

F 

10 

165 

BBi' 


84 

14 

3.24 

2910 

6 

7 

9/23 

J. V. 

M 

12 

115 

98 

mi 


0 



7 

8 

9/25 

R, W. 

M 

19 

120 

94 



0 

2.06 

4035 

8 

9 

10/4 

J. McM. 

M 

10 

128 

m 

90 

58 

19 

8.5 

846 

9 

10 

10/7 

B. A. 

F 

8 

92 

B 

87 


0 



10 

11 

10/11 

E. R.* 

F 

17 

145 

82 

96 

65 to 

0 

2.14 

3740 

11 









100 





12 

10/14 

G. W. 

M 

26 

143 

90 

106 


0 

2.58 

3300 

12 

13 

10/15 

J. M. 

F 

51 

150 

88 

98 

107 

6 

11.4 

685 

13 

14 

10/21 

A. S. 

F 

21 


71 

82 

124 

6 

2.18 

3020 

14 

IS 

10/29 

A. OC. 

M 

12 

121 

92 

106 

116 

15 

3.3 

2570 

IS 

16 

11/8 

S. C. 

M 

14 

138 

83 


94 

0 

1.5 

5320 

16 

17 

11/11 

A. deH. 

F 

9 

126 


88 

96 

0 

5.95 

1185 

17 

18 

11/14 

E. L. 

F 

20 

141 

96 

111 

125 

20 

4.3 

2084 

18 

19 

11/22 

B. P. 

F 

11 

148 

94 

116 

132 

0 

11.4 

813 

19 

20 

11/25 

R. G. 

M 

8 

92 

73 

82 

109 

0 

8.5 

775 

20 

21 

12/3 

A. C. 

M 

15 

112 

84 

93 

20 

0 

3.1 

2380 

21 

22 

12/5 

G. T. 

M 

12 

114 

95 

104 

143 

23 

2.9 

2850 

22 


* Postoperative observation. 


individuals or animals after prolonged exposure to low barometric pres- 
sure (8). It is conceivable that the difference in the results reported 
was due to the fact that the anoxia produced under experimental 
conditions was of considerably shorter duration (6, 7). It also seemed 
probable that the poor nutritional status observed in many of these 
patients was at least partially responsible for the decreased oxygen 
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Fig. 3. shows the continuous optical pressure recordings obtained from the 
pulmonary arteiy and the right ventricle of a patient G. T. age 12 with tetralogy 
of Fallot. As the catheter tip was withdrawn from the pulmonary artery into the 
right ventricle through the semilunar valve (arrow in figure), the systolic pressure 
rose from 69 to 143 mm. mercury. This demonstrates the presence of pulmonic 
stenosis. The elevation of the intracardiac diastolic pressure indicates right 
ventricular strain. 



Fig. 4. shows continuous optical recordings obtained from the aorta and the 
right ventricle of a patient L. P. age 5 with tetralogy of Fallot. Withdrawal of the 
catheter tip through the aortic valve (arrow in figure) results in a sharp fall of the 
diastolic pressure, with the systoh'c pressure remaining constant. 
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consumption. Findings which will be reported in a subsequent paper 
demonstrated that the basal metabolic rate of individuals with reduced 
effective pulmonary blood flow increased considerably following per- 
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Fig. 5. illustrates the relationship between peripheral resistance and systemic 
blood flow plotted logarithmically in 23 cases of tetralogy of Fallot. Since the 
mean pressures remain constant, the variations in systemic flow are responsible 
for the alterations in the peripheral resistance. 


formance of the Blalock-Taussig operation, which raises pulmonary 
flow. 

Results of the Exercise Test: A standard exercise test as described 
in the preceding paper was performed in a series of 21 patients. As 
seen in Table IV, in 14 out of 21 cases the ratio of oxygen consumed 
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per liters of ventilation during exercise fell below its resting value and 
the carbon dioxide produced per liters of ventilation also declined in 
16 individuals. Figure 6 illustrates these results in a typical case of 



Fig. 6. demonstrates the results of a standard exercise test obtained in a patient 
E. R. age 17 with tetralogy of Fallot. It can be seen, that in contrast to results 
obtained in normal individuals, the oxygen consumed and the carbon dioxide 
produced per liter of ventilation as well as the arterial oxygen saturation declined. 

tetralogy of F allot. This was contrary to observations on normal indi- 
viduals in whom the standard exercise results in a significant increase 
in the oxygen and a slight rise in the carbon dioxide ratios (9). This 
fall in the ratios in individuals with pulmonic stenosis was apparently 
the result of limited circulating volume of mixed venous blood through 
the lung during exercise. In contrast to these findings were the results 
obtained in some individuals who had developed large collateral circu- 
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lation to the lung. In one of these cases (^2, Table IV) the col- 
lateral flow was 1480 cc./M^. Data in Table IV demonstrate that in 


TABLE IV 

Results Obtained with the Standard Exercise Test 


1 

DATE 

1946 

SUBJ. 

AGE 

SEX 

VENT. - 
lit./min./m5 

COl 

CC.it* 

CO* 
CC. LV 

Os 

CC. M* 

0* 

CC. LV 

1 

ART. 

0* 

VOL% 

ART. 

CO* 

VOL% 

ART. 

CAP. 

VOL% 

ART. 

SAT. 

% 

NO. 

1 

6/17 

J. H. 

17 

M 

Rest 

5.88 

107.0 

18.2 

154.0 

17.0 

1.07 

25.1 

25.1 

39.8 

63.4 

1 






Ex. 

12.4 

185.0 

14.8 

268.0 

14.9 

1.07 

18.4 


39.8 

46.1 


2 

6/21 

C. B. 

17 

M 

Rest 

6.15 

122.0 

19.7 

96.5 

15.7 

1.26 

17.6 

36.2 

25.2 

70.0 

2 






Ex. 

8.28 

175.0 

21.5 

132.0 

1S.9 

1.34 

14.5 

36.9 

25.2 

57.0 


3 

6/2S 

C. G. 

9 

F 

Rest 

7.30 

129.0 

17.6 

92.4 

12.7 

1.38 

16.5 

29.9 

34.2 

48.4 

3 






Ex. 

16.5 

218.0 

13.3 

147.0 

8.9 

1.47 

13.2 

31.5 

34.2 

38.8 


4 

7/1 

J.O. 

IS 

M 

Rest 

4.77 

91.4 

32.0 

105.0 

36.8 

0.86 

25.8 

41.1 

33.3 

77.4 

4 






E%. 

7.51 

138.0 

30.8 

148.0 

33.1 

0.92 

20.0 

44,8 

33.3 

60.4 


5 

7/8 

V. H. 

5 

M 

Rest 

6.18 

120.0 

19.4 

139.0 

22.5 

0.83 



20.0 

89.0 

5 






Ex. 

16.12 

295.0 

18.1 

276.0 

17.0 

1.06 



20.0 

48.0 


6 

7/10 

D.F. 

12 

M 

Rest 

4,96 

134.0 

26.9 

109.0 

21.8 

1.23 

19.4 

41.3 

24,3 

80.0 

6 






Ex. 

7.46 

184.0 

24.7 

253.0 

33.9 

0.72 

12.2 

45.2 

24,3 

50.1 


7 

7/16 

J. F. 

8 

F 

Rest 

3.69 

77.0 

20.8 

76.4 

20.7 

0.99 

21.1 

35. 1 

31.5 

66.0 

7 






Ex, 

12.45 

195.8 

15.7 

ISS.O 

12.6 

1.24 

12.0 

41.4 

31.5 

31.2 


8 

7/22 

J. F. 

16 

M 

Rest 

4.68 

141.7 

30.2 

122.7 

26.5 

1.12 

21.0 

39.8 

26.7 

78.6 

8 






Ex. 

8.29 

198.9 

24.0 

166.4 

20.3 

1.15 

14.4 

42.3 

26.7 

54.1 


9 

7/24 

E, R. 

17 

F 

Rest 

4.47 

104.6 

23.4 

95.4 

21.3 

1.14 

24.6 

32.5 

29.0 

84.7 

9 






Ex. 

11.33 

178.2 

15.7 

365.2 

14.6 

1.08 

17.1 

34.8 

29.0 

39.1 


10 

8/5 

B.H. 

8 

F 

Rest 

6.18 

102.0 

16.5 

88.2 

14.3 

1.15 

17.1 

37.6 

23.3 

73.4 

10 






Ex. 

11.25 

194.0 

18.0 

164.0 

15.3 

1.18 

14.3 

45.3 

23.3 

18.7 


11 

9/6 

V.B. 

14 

F 

Rest 

4.42 

87.4 

19.7 

121.0 

27.6 

0.71 

21.1 

35.0 

28.2 

75.3 

11 






Ex. 

17.1 

198.0 

11.6 

106.0 

6.2 

1.87 

10.4 

38.0 

28.2 

36.9 


12 

9/16 

R.W. 

18 

M 

Rest 

7.68 

150,0 

19.5 

102.5 

16.4 

1.18 

26.8 

31.0 

33.0 

81.0 

12 






Ex. 

11.32 

238.0 

20.7 

215.0 

39.0 

3.09 

20.4 

34.9 

33.0 

61.8 


13 

9/21 

R. F. 

10 

F 

Rest 

5.1 

106.0 

20.8 

122.0 

23.9 

0.96 

24.2 

39.4 

34.2 

70.9 

13 






Ex. 

8.96 

182.0 

20.4 

182.0 

20.4 

1.0 

22.8 

37.8 

34.2 

67.0 


14 

9/24 

F.C. 

14 

F 

Rest 

7.3 

114.0 

15.5 

99.0 

13.5 

1.5 

18.4 

30.3 

26.6 

69.1 

14 






Ex. 

11.1 

167.0 

14.8 

153.5 

13.7 

1.1 

17.1 

30.4 




15 

10/2 

J.M. 

10 

M 

Rest 

6,97 

145.6 

20.9 

133. 5 

19.1 

1.09 

14.3 

40.9 

24.5 

58.5 

15 






Ex. 

15.6 

198.1 

12.7 

140.2 

8.9 

1.42 

8.3 

35.2 

24.5 

33.8 


16 

10/22 

A. S. 

21 

F 

Rest 

3.9 

82.5 

21.1 

93.0 

23.9 

0.89 

18.0 

35.4 

24.1 

74.8 

16 






Ex. 

11,9 

228.0 

20.9 

183.0 

16.8 

1.24 

12.0 

36.6 

24.1 

50.0 


17 

10/30 

A.O. 

12 

M 

Rest 

4.3 

82.0 

19.0 

99.0 

23.0 

0.83 

19.6 

36.1 

30.4 

64.5 

17 






Ex. 

13.2 

210.0 

15.8 

244.0 

18.4 

0.85 

14.3 

33.8 

30.4 

47.0 


18 

11/9 

s. C. 

14 

M 

Rest 

4.6 

93.5 

20.3 

90.0 

19.5 

1.00 

23.1 

34.0 

25.5 

91.0 

18 






Ex. 

9.9 

210.0 

21.1 

222.0 

22.5 

0.93 

19.1 

36.1 

25.5 

74.5 


19 

11/13 

A.H. 

9 

F 

Rest 

5.07 

139.0 

26.0 

113.5 

22.3 

1.2 

17.3 

40.6 

28,0 

61.8 

19 






Ex. 

13.2 

249.5 

18.9 

2I4.S 

16.3 

1.16 

15.4 

41.6 

28.5 

54.2 


20 

11/15 

E. L. 

20 

F 

Rest 

5.32 

■Rilfn 

24.4 

157.0 

29.7 

0.80 

22.8 

35.0 

27.7 

82.5 

20 






Ex. 

7.78 

175.0 

22.5 

248.0 

32.0 

1.72 

11.7 

36.1 

27.7 

42.5 


21 

12/3 

A. C. 

IS 

M 

Rest 

5.27 

95.5 

18.1 

89.5 

16.9 

1.06 

17.9 

30.8 

33.4 

44.0 

21 






Ex. 

11.55 

147.5 

12.7 

156.5 

13.5 

0.95 







this individual the ratio of oxygen consumed per liters of ventilation 
rose from 16.4 to 19.0. This indicated that the collateral circulation 
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combined with the flow through the pulmonary artery was adequate to 
cope with the increased respiratory demands of exercise. Table IV 
demonstrates that in 14 of 21 patients the respiratory quotient rose 
during exercise. This is in contrast to the observations of Cournand 
and Richards (9) who found a slight fall in normal individuals. An 
explanation for this observation is not possible at present. 

In every instance the measurement of the breathing requirements 
described above was accompanied by a comparison of the oxygen and 
carbon dioxide contents obtained from arterial blood drawn preceding 
and following the standard exercise. In contrast to normal individuals 
(9), the patients studied in this series showed a marked decline in 
arterial oxygen saturation, and a rise in carbon dioxide content follow- 
ing the exercise (Table IV and Fig. 6). Similar results were observed 
in patients with large collateral circulation, in cases belonging to Eisen- 
menger’s syndrome, and in some of the patients after the performance 
of the Blalock-Taussig operation (10). This demonstrated that the 
fall in arterial oxygen saturation after exercise observed in patients 
with normal rate of flow through the lung must have been caused by 
increased shunting of venous blood into the systemic circulation. 

DISCUSSION 

The results of the tests described in the preceding paragraphs dem- 
onstrate a reduction in pulmonary artery flow of from 1000 to 2000 
cc. below normal cardiac index, depending on the degree of the ste- 
nosis. In one patient ( ^ 12, Table I) in whom the calculated rate of 
flow through the pulmonary artery is only 20 per cent of normal, atre- 
sia of that vessel was found at operation. The systemic flow, calcu- 
lated per square meter of body surface, shows marked variations above 
and below values for normal cardiac index (Table I). In normal 
individuals, variations in the overall circulating volume of blood flow 
are usually the result of functional changes. With varying degrees of 
pulmonic stenosis and interventricular septal defect, however, the sys- 
temic blood flow depends to a large extent on the volume of the intra- 
cardiac shunt (Fig. 1). Table I illustrates that in most cases of tetral- 
ogy of Fallot the systemic flow exceeds that through the pulmonary 
artery, indicating that the overall direction of the intracardiac shunt is 
from right to left. Consequently the systemic blood flow wiU be partic- 
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ularly high in individuals with severe pulmonic stenosis, large interven- 
tricular septal defects, and marked overriding of the aorta. In patients 
with a moderate degree of pulmonic stenosis and small septal defects, 
where the aorta arises chiefly from the left ventricle, the systemic flow 
will approach normal. It will be decreased in cases of uncomplicated 
pulmonic stenosis where both systemic and pulmonary artery flows 
must be reduced below normal by an equal amount. It is apparent, 
therefore, that the hemodynamics of the systemic flow in tetralogy of 
Fallot depend to a large extent on mechanical factors brought about 
by the cardiac malformation. 

The results obtained from an application of the indirect Fick prin- 
ciple to the determination of pulmonary capillary flow indicate that 
in some cases of tetralogy, as in normal individuals (10), the values ob- 
tained with this method agree closely with those determined for pul- 
monary artery flow. This demonstrates the absence of measurable col- 
lateral circulation to the lung in these individuals. In the majority of 
patients with pulmonic stenosis, however, pulmonary capillary flow ex- 
ceeds pulmonary artery flow, indicating that the lung receives a consid- 
erable flow of blood from sources other than the pulmonary artery 
(Fig. 1). Collateral circulation in these individuals represents an 
important physiological mechanism in offsetting the effect of puhnonic 
stenosis by increasing the flow of mixed venous blood through the lung. 
The anatomical character of these collaterals is of considerable interest. 
Large bronchial arteries are commonly observed in these patients. In 
one case ( ^ 6, Table II) which shows a large calculated difference be- 
tween pulmonary capillary and pulmonary artery flow, inmunerable 
collaterals were seen to pass from intercostal and mammary arteries to 
the lung at operation. It is significant that in several individuals ex- 
tensive collateral circulation has been responsible for the erroneous 
clinical diagnosis of Eisenmenger’s syndrome. On fluoroscopy ex- 
pansile pulsations which are characteristic in Eisenmenger’s syndrome 
are also frequently observed in individuals with large collateral 
circulation. 

The value of combining the determination of pulmonary artery 
with pulmonary capillary flow is demonstrated further in 4 patients 
(^?4, 9, 19, 20, Table II), in whom clinical evidence suggests the 
presence of a patent ductus in addition to pulmonary stenosis. In 
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these individuals the volume of flow through the ductus is represented 
by the difference between pulmonary capillary and pulmonary artery 
flow (Fig. 2). An estimation of the rate of blood flow through the 
patent ductus is of considerable importance as surgical construction 
of an additional ductus by the Blalock-Taussig operation might be 
indicated if the natural anastomosis is too small. 

Intraventricular pressure curves obtained in pulmonary stenosis 
reveal the systolic pressure in the right ventricle to be 20 to 110 mm. 
Hg above normal values. In most instances the pressure rises sharply 
and falls rapidly during the ejection phase (Fig. 3). A large series of 
recordings show characteristic features of right ventricular failure. 
This is demonstrated by the observation that in 8 out of a total of 
22 recordings the general level of the ventriciflar diastolic pressure 
is elevated above the minimum values which occur early in diastole. 

In cases where the catheter is passed into the pulmonary artery 
through the stenosis, a sharp fall in pressure is observed (Fig. 3). 
In 3 subjects in whom the catheter was passed from the right ventricle 
into the overriding aorta, complete agreement in the height of the two 
systolic pressures was obtained (Fig. 4). Since the oxygen contents 
of right ventricular blood fall within range of those in the femoral 
artery in some cases (Table I), it can be assumed that in these instances 
extensive interventricular admixture of blood leads to equilibration of 
pressures and gas blood concentrations of the two chambers. This 
conclusion is similar to that reached by Richards in his patient with 
tetralogy of Fallot (11). 

The results summarized in Table III illustrate that the peripheral 
resistance varies from 600 to 6000 dynes/sec/cm®/M=. The mean 
systemic pressure, on the other hand, shows only small variations 
from the normal. According to Aperia’s mathematical expression of 
Poiseuille’s law (4), the blood flow must vary inversely with the resist- 
ance if the pressiure remains constant. Figure 5 illustrates this rela- 
tionship in the patients studied. As the systemic flow increases, the 
peripheral resistance declines logarithmically. The importance of 
mechanical factors in determining the volume flow through the sys- 
temic circulation has been discussed in one of the preceding para- 
graphs; therefore, the variations in peripheral resistance may be 
considered as circulatory adjustments to changes in volume flow. 



138 


R. J. BING, L. D. VANDAM AND F. D. GRAY, JR. 


The decrease of the oxygen consumption in individuals with tetralogy 
of Fallot is of considerable interest since it might represent a physi- 
ological adaptation to chronic anoxia. The anoxemia observed 
in these patients may be compared to that present in anoxemia of high 
altitude. It is believed at the present moment that the oxygen con- 
sumption is independent of variations in barometric pressure (8). 
Only Ogata (7) reports a decrease of the oxygen consiunption of rabbits 
exposed to severe anoxia, and Lilienthal and Riley (6) describe a 
slight fall in the oxygen consumption of men subjected to low oxygen 
tensions for short periods of time. Most observations of respiratory 
metabolism in anoxia in man extend of necessity for periods of several 
hours or days only. In individuals with cyanotic heart disease, how- 
ever, the anoxia, usually present from birth, is of much longer duration. 
It is conceivable, therefore, that the time factor may play a role in 
the decrease of the basal metabolic rate during anoxia. Another pos- 
sible explanation for the reduction of the basal metabolism in individ- 
uals with the cyanotic type of congenital heart disease may be found 
in the generally poor nutritional status of these patients. A great 
many are underweight and in some of them the restriction of physical 
activity is accompanied by a low caloric intake. It has been shown 
by a number of workers that chronic undernutrition can produce a 
reduction in the basal metabolic rate (12). It is impossible at 
present to ascertain which factors are responsible for the decrease in 
respiratory metabolism. Studies are under way to elucidate this 
problem. 

Table IV shows that in 14 of 21 cases the ratio of oxygen consumed 
per liters of ventilation falls during the standard exercise test of 
Cournand and Richards (9). The ratio of carbon dioxide produced 
per liters of ventilation also declines during exercise in 16 patients 
(Table IV and Fig. 6). It is probable that the fall in these ratios is 
the result of the pulmonic stenosis which limits the effective pulmonary 
blood flow during exercise. As a result, the oxygen consumption and 
carbon dioxide production cannot rise in proportion to the increase 
in the minute volume of respiration. In patients in whom the ratio 
of oxygen consumed per liters of ventilation remains constant or rises, 
pulmonary artery flow is either normal, or large collateral circulation 
supplies enough mixed venous blood to take care of the increased 
respiratory demands of exercise. 
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The arterial oxygen saturation decreases in everj'^ instance imme- 
diately following the standard exercise (Table W and Fig, 6). Si- 
multaneously the arterial carbon dioxide content increases. Inade- 
quate effective pulmonary blood flow which causes the decline in the 
ratios of o.xygen consumed and carbon dioxide produced per liters of 
ventilation, cannot be responsible for the changes in arterial blood 



Fig. 7. represents the effect of changes in the percentage of total mixed venous 
blood perfusing the lung on the arterial oxygen saturation of 46 patients with 
tetralogj' of Fallot. As the percentage of the total mixed venous flow which 
reaches the pulmonary epithelium increases, the arterial oxygen saturation also 
rises. 


gases. Even in severely anoxemic patients the blood reaching the left 
auricle is fully saturated with oxygen (1 ) . It is therefore probable that 
shunts through the interventricular septal defect and the overriding 
aorta are responsible for the fall in oxygen saturation and the rise in 
carbon dioxide content of arterial blood during exercise. Additional 
evidence for this assumption is furnished by observations in patients 
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with Eisenmenger’s syndrome and in some postoperative cases of 
tetralogy of Fallot, where the pulmonary flow is normal. Here too 
the standard exercise results in a fall in arterial oxygen saturation. 
Moreover, adequate pulmonary capillary flow is indicated by a rise 
in the ratio of oxygen consumed and carbon dioxide produced per 
liters of ventilation. In cases of interventricular septal defect, admix- 
ture of unsaturated with fully oxygenated blood is responsible for a 
fall in the arterial oxygen saturation. Therefore, a comparison of 
the gas exchange and minute volume with the arterial oxygen satura- 
tion at rest and during exercise is of great value in the recognition of 
the nature of the cardiac defect. 

The preceding discussion has stressed the interrelationship of venous- 
arterial shunts and decreased pulmonary blood flow in the production 
of anoxemia. Further considerations indicate that the basic action 
of both factors is through their effect on volume of mixed venous 
flow through the lung (the effective pulmonary blood flow). This, 
as defined in the preceding communication (1), represents the volume 
of systemic blood which, after passing through the right auricle, 
reaches the alveolar capillaries. It is seen in Figure 7 that the arterial 
oxygen saturation is a direct function of the percentage of the total 
mixed venous blood which passes through the lung. On the basis 
of this relationship, a decrease in pulmonary capillary flow existing 
in conjunction with intracardiac shunts contributes to arterial oxygen 
saturation only by reducing the effective pulmonary blood flow. A 
large right to left shunt will cause anoxemia for the same reason. In 
uncomplicated pulmonic stenosis reduction in pulmonary flow alone, 
however, does not produce arterial oxygen unsaturation, since in such 
a case all the mixed venous blood reaches the alveolar capillaries. 

SUMMARY 

120 patients with tetralogy of Fallot have been studied. The re- 
sults of physiological studies in 48 consecutive cases have been pre- 
sented. 

The blood flow through the pulmonary artery was found to be 
reduced in relation to the degree of stenosis. The systemic flow 
ranged above and below values for normal cardiac index. The varia- 
tions in the systemic flow were related to the size of the intracardiac 
shunt, which was directed from right to left. 



STUDIES IN CONGENITAL HEART DISEASE. U 


141 


In most cases pulmonary capillary flow exceeded pulmonary artery 
flow, demonstrating the presence of collateral circulation to the lung. 

The systolic pressure in the right ventricle was elevated and approx- 
imated the systolic pressure in the systemic circulation. In some 
instances diastolic pressures were also above normal. As the systemic 
mean blood pressure was within normal range, the peripheral resistance 
varied logarithmically with the systemic flow. 

The basal metabolic rate was below normal. The possible reasons 
for this finding were discussed. 

During the standard exercise test the ratios of oxygen consumed 
and of carbon dioxide produced per liters of ventilation decreased, 
while the arterial oxygen saturation dropped immediately following 
the exercise. The diagnostic significance of this test was discussed. 

The importance of the effective pulmonary blood flow in the pro- 
duction of ano.xemia was emphasized. 
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THE LIPOTROPIC EFFECT OF Ni-METHYLNICOTINAMIDE‘ 

VICTOR A. NAJJAR and IDALINE M. RATCLIFFE 

From the Department of Pediatrics, Johns Hopkins Medical School and The Harriet Lane 
Home, Johns Hopkins Hospital, Baltimore, Maryland 

It has been shown that the F 2 product of nicotinamide metabolism 
(1, 2, 3) is a methylated compound, namely N'-methylnicotinamide 
(4, 5, 6). Since this compound is a normal constituent of body tissue 
and body fluids, it became desirable to ascertain whether this methyl- 
ation reaction that takes place in the liver (7, 8) is a reversible one. 

In an earlier report Najjar and Deal (9) showed that when 2% 
N‘-methylnicotinamide chloride was fed to a small group of rats, 
incorporated in a diet containing glycocyamine, the amount of fat 
deposited in the livers of those rats was appreciably lower than that 
obtained in the control animals not receiving the methyl compound. 
Handler and Dubin (10), using a different diet supplemented with 
1% N'-methylnicotinamide alone or with homocystine, did not obtain 
any lipotropic activity. To test this effect further additional ex- 
periments were performed using a larger group of rats. 

EXPERIMENTAL 

Three types of experiments were performed. They were designed 
to show 1) the effect of N'-methylnicotinamide alone on liver lipids, 
2) the effect of N'-methylnicotinamide in conjunction with glyco- 
cyamine as a methyl acceptor and 3) to investigate the possibility 
that the drug might act as a vitamin analogue, producing nicotinamide 
deficiency. In this case a deficiency would produce, among other signs, 
a failure of appetite and a retardation of growth and thereby in- 
directly affect fat deposition in the liver. 

In all experiments, newly weaned 3-4 week old male rats were used. 
Litter mates were divided between the controls and the test animals. 
All rats were placed in wire cages with screened bottoms. They 
were allowed free access to water and diet. Their weights and food 
intake were recorded daily. The first strain of rats employed suffered 
a high mortality on the diet and could not be used for this experiment. 

' Aided by a grant from Mead Johnson and Company, Evansville, Indiana. 
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Another strain* was more satisfactory and was used successfully 
throughout this study. The basal diet was that of Griffith and Wade 
(11) and consisted of vitamin free casein 15 parts by weight, crisco 35, 
sucrose 32, Cox and Imboden’s salt mixture (12) 4, calcium carbonate 
1, agar 2, cod liver oil 5 and yeast 6. This diet was supplemented 
with N‘-methylnicotinamide chloride alone or in conjunction with 
either glycocyamine or nicotinamide. The dosage of glycocyamine 
varied from 5-10 mM per kilogram of diet, that of N^-methylnicotinam- 
ide from 2-4% (Table I and II) and nicotinamide from 0.4-0.8%. 
For the sake of simplicity, rats fed a supplemented diet will be referred 
to as supplemented rats. After a number of weeks on the experiment 
the animals were killed by chloroform, wet weights of their livers 
obtained and slices weighing no less than 2.5 grams were taken for 
fat estimation. Each specimen was individually assayed by con- 
tinuous chloroform extraction (13) for eight hours. The chloroform 
fat extracts were evaporated to dryness over a steam bath, then placed 
in an oven at 110°C. for twenty-four hours and lipid weights obtained. 

The efect of N^-melhylnicolinamide on liver lipids of rats 
fed diet alone 

Table I shows the results obtained in three groups of rats, each 
comprising control animals and animals supplemented with 4% 
N‘-methylnicotinamide chloride. Group I received the diet for seven 
days and Group II and III for fourteen and twenty-eight days respec- 
tively. There were no deaths during the experiment. The animals 
were active and behaved normally in every way except that Group 
I and II showed no gain in weight in the supplemented rats. 

There was no difference in the liver lipids between the controls and 
the supplemented rats of Group I. However, rats in Group II and 
in, that received the supplemented diet, showed about 4% less fat 
than the controls. 

The effect of N^-mcihyhiicotinamide on liver lipids of rat 
fed diet phis glycocyamine 

Table II includes the data on five groups of rats in which the control 
animals ingested the diet supplemented with glycocyamine, whereas 

* Procured from Research Supply Company, 2436 West York St., Phila- 
delphia, Pa. 
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the test animals received' 2-4% N‘-methylnicotinamide chloride in 
addition. Glycocyamine, 10 mM per kilogram of diet, was used in 
all diets except that of Group IV which contained half that amount. 
The experimental period varied from seven to fourteen days. The 
animals were active and no deaths occurred. 1 ) 'i,- 
' 'In contrast to the results in Table I, where -dD'. glycocyamine was 
included in the diet, the liver lipids in these groups were consistently 
lower in the animals supplemented with the l^^lmethylnicotinaniide 
than in the controls. Moreover, the gain in Weight, in the supple- 
mented animals (except Group VII) were comparable to the controls. 

TABLE I 


The efect of N’-melhylnicotinamide on liver lipids of rats receiving diet alone 


1 

' OSOI7P 1 

DIET StrPPLE- 
UENT N^-ME- 
THYLNICOTIN- 
AUIOE 
CHLORIDE 

DURA- 
TION OF 
EXPERI- 
MENT 

NO. OP 
RATS 

1 

ACE 

1 

AVER. 

DAILY 

POOD 

INTAKE 

1 

aver. 

CAIN IN 
WEIGHT 1 

LIVER ^ 
PAT 

% LIVER 
WEIGHT* 

UVER 

PAT 

% BODY 
WEIGHT 

LIVER 

WEIGHT* 

%BODy‘ 

WEIGHT 

• * 

jm. % 

days 


days 

fm. 

gm. 



■ 1 

I 

0.0 

7 

5 

21 

5.7 

11.4 

12.6 

0.66 

5.1 


4.0 

7 

5 

21 

5.2 

1.0 

13.2 

0.59 

4.4 

II 

0.0 

11 

S 

21 

4.2 

9.6 

18.2 

1.18 

6.5 


4.0 

H 

5 

21 

3.4 

1.4 

14.4 

0.72 

5.0 

ni 

0.0 

28 

7 

21 

5.0 

30.5 

23.1 




4.0 

28 

6 

21 

4.6 

18.0 

17.9 

la 

al 


* Liver weights indicated are wet weights. 


The ej^ect of nicotinamide on rats fed diet ; 

' , , plus N'^-methylnicotinamide 

■' 'Three groups of rats were used. Group A consisted of seven rats 
that ingested the diet alone. Six rats. Group C, were fed diet supple- 
mented -with 4% N‘-methylnicotinamide chloride. Seven rats. Group 
B, received- as .supplement 4% N^-methylnicotinamide chloride and 
0.4% nicotinamide. On the fourteenth day the nicotinamide was 
increased. to 0.8%.. The nicotinamide was used to counteract . the 
possible effect of N*-methylnicotinamide as an analogue inhibitor. 

It is apparent from Figure I that rats of Group A, after an initial 
loss, gained -weight satisfactorily throughout the experiment. How- 
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ever, in Groups B and C, after a similar initial weight loss, there 
occurred a gain in weight with no significant difference between the 
two groups though less than Group A. All animals were equally 
active. It is clear, therefore, that N‘-methylnicotinamide did not 
possess a vitamin analogue effect which, at least, could be counter- 
acted by nicotinamide. 


DISCUSSION 

It is clear from the results obtained that the effect of N‘-methyl- 
nicotinamide on liver fat, whatever its nature may be, is exerted only 
to a limited degree under the conditions of our experiment. It appears 
that the addition of glycocyamine to the diet favored such an effect. 
This is suggested particularly by the results in Group IV and VIII 
(Table II). In the former the dietary intake and the gain in weight 
were almost identical in the supplemented and control animals, although 
the liver lipids showed a significant difference in favor of the rats 
receiving the drug. Similarly, in Group VIII the liver fat value of 
the supplemented rats (15.3%) was much less than the controls 
(29.9%), although their dietary intake was comparable. It is also 
apparent that with the increase in the dosage of N’-methylnicotinamide 
the effect on liver fat becomes more marked (Table II, Groups VII 
and VIII). 

In attempting to explain our results several possibilities present 
themselves: 

1. That the drug possesses an active labile methyl group. In view 
of the high dosage used, it is certainly not comparable to that of choline 
and methionine (14). 

2. That the drug has a lipotropic effect without a labile methly 
group. 

3. Another possibility is that the N’-methylnicotinamide, by com- 
petitive action with nicotinamide, precipitated a vitamin deficiency 
and thereby influenced the fatty deposition in the liver (15, 16, 17). 
This did not seem likely because the rats were uniformly active. 
Their food intake did not suggest a loss of appetite and, on the whole, 
was comparable to the control animals except in two instances — Group 
II and VII. Furthermore, as shown in Figure I, nicotinamide did 
not improve the gain in weight nor did the aninaals receiving N’-methyl- 
nicotinamide reveal any signs of vitamin deficiency. 
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4. It is also possible that failure of growth may diminish liver fat 
deposition as suggested by Handler and Bernheim (18). This would 
be applicable to the N’-methylnicotinamide treated rats since, in 
general, they did not gain as well as their respective controls. How- 
ever, there was a significant difference in the liver fat values in Group 
IV (Table II) even though the gains in weight of the supplemented 
and control rats were identical. Conversely, the supplemented rats 
in Group I (Table I) showed even a higher percentage of fat despite 
a lack of gain in weight, whereas their controls grew normally. 

5. Finally, it is possible that the effect of N‘-methylnicotinamide is 
a sparing effect similar to that advanced for creatine (19, 20). The 
diet furnished in our e.vperiment contained methionine and choline 
so that a sparing effect may be evident. It would also be expected 
that a sparing action would become more evident when the demand 
on the methyl group is increased. Such w'as the case with the glyco- 
cyamine supplemented groups where the liver fat of the N'-methyl- 
nicotinamide supplemented rats showed a more significant difference 
than their controls, as compared to the rats not supplemented with 
glycocyamine, particularly when 4% of the methyl compound was 
used. 


CONCLUSION 

N‘-methylnicotinamide possesses a lipotropic effect, though small 
in magnitude. The manner in which this action is exerted is, at 
present, obscure. The different possibilities are discussed. 

N'-methylnicotinamide does not possess an antinicotinamide action 
and therefore does not enter into competitive inhibition system with 
the vitamin. 
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STUDIES ON THE PROTEIN METABOLISM OF THE INFANT^ 

I. The Comparative Biologicae Value of Some Milk 
Protein Preparations 

ANTHOOT A. ALBANESE, L. EMMETT HOLT, JR., VIRGINIA IRBY, SELMA 
E. Sm’'DERMAN, and MARILYN LEIN 

From the Department of Pediatrics, Nerjs Yorh University College of Medicine and the 
Children's Medical Service, Bdicvue Hospital, New York 

The current practice of administering protein digests for total or 
supplemental alimentation to infants suffering from diseases which 
induce excessive nitrogen loss led us to undertake the testing of the 
nutritional quality of some available milk preparations in the normal 
infant. The biological value of an enzymatic digest of casein (Amigen) 
and lactalbumin (Edamin) as well as a tryptophane and cystine sup- 
plemented acid digest of casein were tested and compared with that of 
an evaporated milk formula. Bioassays of these preparations in 
immature rats had previously shown that both enzymatic products 
were nutritionally superior to the reinforced acid hydrolysate of casein. 

EXPERIMENTAL 

Assay Procedure. The composition and calo'ric distribution of the 
diets employed in this study are shown in Chart I. All diets were 
given in 5 feedings daily at the rate of about 100 calories per kilogram 
of body weight and were supplemented daily with 50 mg. of ascorbic 
acid and 15 drops of oleum percomorphum. The tryptophane and 
cystme supplemented acid hydrolysates of casein were prepared as pre- 
viously described by some of us (1). Owing to uncertainties regarding 
the B complex vitamins, Brewers’ yeast was used instead of a mixture 
of the synthetically available components of these vitamins. The 
quantities of amino acid derived from this source can be readily ascer- 
tained from the literature (2). Each batch of diet mixture was ana- 
lyzed directly for nitrogen content by the micro-Kj'eldahl method, the 
daily N intake of the subjects calculated from the consumption record 
and each diet was assayed for seven day periods. The different diet 

* The work described m this report was supported by grants from the Rocke- 
feller Foundation and the National Live Stock and Meat Board. 
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periods were consecutive and began on successive Saturday mornings. 
The infants, 3 normal white fuU-term males, were weighed daily during 
the course of the experiment. The urine and feces were not collected 
for the first two days of each period in order to avoid complications 
resulting from continued use of restraints and adjustment to dietary 
changes. 

Analytical Methods. Data on the nitrogen output were obtained 
from micro-Kjeldahl analyses of daily 24-hour urine collections and 
wet-ashed 5 day pools of the feces. 

Chart I. Composition of Diet 


Evaporated Milk Formula: 

Evaporated milk, 40 cc. (55.3 cal.); Com sirup 6 cc. (17.7 cal.); Water 54 cc. Total 
volume 100 cc. Total calories 73. 

Protein Digest Formulae: 

Protein digest (0.56 gm. N X 6.25) 3.5 gm. 14.0 calories 

Mead Johnson Lab. Prod. fflV! 18.0 gm. 

Fats 4.0 gm. 36.0 

Carbohydrates 11.6 gm. 46.5 

Mead Johnson Brewer’s Yeast 1.0 gm. 3.5 

Water 88.0 cc. 


Total 100 cc. 100 calories 


Salt supplement mg. per 100 cc.; Fe-S 04 10, Na-Cl 100; Ca- gluconate 790, KHs-POt 
323, Ca-(OH)s 197, K,-H PO 4 108, KCl 90, Mg-0 18. 

Protein Preparations Used: 

Amigen, an enzymatic casein digest (Mead Johnson & Co.) ; Edamin, an enzymatic 
lactalbumin digest (Sheffield Farms Co.); CTH, acid hydrolysate of casein supple- 
mented with 1.5 per cent of f-tryptophane and 1.0 per cent of /-cystine. 


Blood samples (10 cc.) were obtained on the last day of each diet 
period by venapuncture. The hemoglobin content of these specimens 
was determined colorimetrically in the Klett-Summerson photoelectric 
colorimeter. The total plasma proteins, albumin and non-protein N 
were determined by the usual procedures (3). The globulin was esti- 
mated as the difference of total protein and albumin. The amino N 
content of the plasma was determined by the copper method (4). 

The urinary amino acids, free amino N (5) and bound amino N (6), 
arginine (7), histidine (8), methionine (9), tryptophane (10), tyrosine 
(11), total /3-hydroxyamino N (12), phenylalanine (13), and cystine 
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(14) were determined by chemical procedure previously reported by 
ourselves and others on urine pools collected during the last 4 days of 
each diet period. The output of urea (15), ammonia (16), organic 
acids (17), indican (18), free phenols (19), creatine and creatinine (20) 
was also measured. 


RESULTS 

The nitrogen balance and body weight measurements obtained in 
these experiments (Table I) clearly indicate that by these two criteria 
the nutritional qualitj' of the CTH diet is inferior to that of the evapo- 
rated milk, edamin or amigen formulae. Interestingly enough on this 
basis, the biological value of the enzymatic digests of casein and lactal- 
bumin appear to be equal to that of the evaporated milk formula for 
these short periods. Although it w'ould also appear from our findings 
that lactalbumin is not nutritionally superior to casein, it must be 
noted; (a) that the removal of some amino acids in the preparation of 
botli digests may equalize their amino acid contour; and (b) that ap- 
proximately 12 per cent of the nitrogen of the synthetic diets is derived 
from the added Brewers’ yeast which by virtue of its amino acid content 
may so supplement the protein components as to compensate for any 
limiting nutritional factors. 

Our nitrogen retention values fall well within the range of those pre- 
viously reported by other workers using a variety of milk formulae 
(Table II). However, our results are somewhat higher than those of 
Shohl, Butler, Blackfan and MacLachlan (24) who found that the N 
retention of infants 2 to 7 months of age was only slightly altered by 
substitution of a sjmthetic formula composed of amigen, carbohydrates 
and fats for an evaporated milk formula when both were fed at the same 
fluid, caloric and nitrogen levels. The average intakes from these diets 
amounted to 520 mg. of N per kilogram and resulted in average nitro- 
gen retentions of 140 mg. and 170 mg. of N per kilogram of body weight 
for the amigen and evaporated milk formulae respectively. The 
differences between our results and those of Shohl and associates may 
arise from our use of Brewers’ yeast rather than the sjmthetic vitamin 
B complex mixture employed by Shohl or from the higher nitrogen 
intake of our subjects. The latter possibility is supported by the well 
known fact that the N retention of infants can be readily elevated by 
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increasing the N intake. This phenomenon is not only apparent for 
short periods of time but has also been shown by Nelson (22) to lead to 
the development of larger but not necessarily better babies. 

In studies of protein metabolism, nutritional adequacy of the nitro- 
gen component of the diet in the growing or mature organism is com- 
monly measured in terms of weight change and nitrogen balance. In 
spite|of the evidence presented by Folin (25) and others (26), it has 

TABLE I 


Efecl of Various Protein Digests on the Nitrogen Economy of the Infant 
(Results given as daily averages) 




AVEi- 

DAILY 

ZNTAEE 
PEfi ICC. 

55 

M 

O 

O 

M 

NITSOGEN OUT- 
PUT 

55 

e 

a 

m 

O 

AKD VZIGHT 01 
SUBJICT 

DIET 

au£ 

PE&IOD 

WEIGHT 

WEIGHT 

GAIN 

Volume 

Nitrogen 

TOTAL NIT 
INPUT 

Urine 

(Q 

U 

u 

o 

^4 

Total 

NITROGEN 

TION 

a 

eg 

iSP 

R 

A. I. 

11 mos. 
9,618 gm. 

Evaporated 

milk 

Amlgen 

Edamin 

CTH 

1 

sm. 

25.6 

28.3 

28.3 

19.9 

cc. 

112 

95 

95 

103 


gm. 

6.12 

6.08 

6.09 

6.65 

gm. 

3.68 

3.15 

3.50 

4.43 

1 

gm. 

4.26 

4.12 

4.30 

5.31 

mg./ 

ig. 

193 

197 

178 

130 

fer 

cent 

41.5 

44.0 

40.8 

44.8 

P. D. 

Evaporated 

milk 

6,584 

28.4 

152 

B 

4.47 

2.52 

0.53 

3.05 

217 

60.0 

6 mos. 

Amigen 

6,789 

30.1 

103 


Emu 

m 

m 

3.02 

189 

71.4 

6,484 gm. 

Edamin 

6,694 

28.4 

104 


4.25 

m 

m 

mBio 


71.4 


CTH 

7,136 

12.0 


0.69 

4.96 

3.46 

0.47 

3.93 

lg| 


D. R. 

Evaporated 

milk 

6,721 

29.0 

140 


4.22 

2.32 

0.55 

2.87 

200 

65.1 

S mos. 

Amigen 

6,923 

28.9 



4.15 

2.53 

0.31 

2.84 

189 

66.8 

6, 620 gm. 

Edamin 

7,120 

27.2 


0.60 

4.29 

2.28 

0.63 

2.81 

208 

55.8 

CTH 

7,281 

16.0 

102 



3.33 

0.63 

3.96 

144 

H 


been assumed by some investigators that these two biological fimctions 
should vary in direct proportion. Such a view fails to acknowledge the 
obvious possibility that tissue water and fat depots can be mobilized 
independently of body proteins. This possibility of divergences of 
weight change and nitrogen retention is supported experimentally by 
the often repeated observations that weight gain in infants and children 
is usually 60 per cent of that calculated from the nitrogen retention 
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according to Rubncr’s Lai\', that one gram of nitrogen is equivalent to 
33 gm. of body substance (27). Thus it vdll be noted that tissue depo- 
sition estimated as grams daily weight change X 100/grams daily N 
retention X 33, approximate 59 per cent as a mean value for the 
evaporated milk, amigen and edamin diets, but falls below this figure 
for the CTH diets. The biological function of the retained nitrogen 
not accounted for by weight accretion should be investigated. 

Examination of the data in Table III reveals that the inferior quality 
of the CTH diet is not reflected by any significant changes in blood 

TABLE II 


Comparison of Obserred Nilropert Retention of Infants on Various Cour’s ifilk Preparations 


IK\TSnCATO*S 

DIET 

ACE CIODT* 

KTTEOCEK 


Intake 

Retention 

Authors 

Karo modified evaporated milk 
Sjmthetic amigen formula 
SjTithetic edamin formula 

CTH formula 

B ^^9 

nf./if. 

63a-«S0 

600-630 

600-«0 

650-690 

nt./ki. 

193-217 

189-197 

178-208 

130-140 

Daniels and Hcjinian 
(21) 

Dcitri-maltosc modified, cow’s 
milk 

5-35 

485-565 

86-168 

Nelson (22) 

Acidified undiluted cow’s milk 

5-45 

530-6S8 

123-211 

Jeans and Steams 
(23) 

Acidified diluted evaporated milk ; 

5-45 

i 




protein levels. This finding is in accord with our previous observation 
that in the rat (1) the suboptimal biological value of diets prepared 
with tryptophane and cx'stine supplemented add digests of casein failed 
to affect adversely their blood protein levels. Attention is also called 
to the finding tliat amino N levels of blood were not elevated as a result 
of tire feeding of eitlier the add or enzjanatic protein digests above the 
levels found during the evaporated milk feedings nor did tlie ratio of 
amino N to total non-protein nitrogen show any significant fluctuations 
with dietary changes. 

In order to determine possible differences in the metabolism of the 
various milk protein preparations tested, measurements of urinary 
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amino acids and other metabolites were made. Thus it was observed 
that the output of ammonia, urea, arginine, cystine, phenylalanine, 
tyrosine, total hydroxyamino N, indican, free phenols, creatinine and 
creatine was not significantly altered by changes in the protein moiety 
of the diet. On the other hand, the excretion of the urinary constitu- 
ents listed in Table IV was affected by shifts in the diet. Examination 
of these data reveals that feeding of CTH diet induced a rise in the free 

TABLE III 


Efect of Variotts Protein Digests on Blood Proteins of the Infant 


SUBJXCT 

DIET 

TOTAL 

FLASUA 

FKOTEIM 

ALBU- 

MIN 

GLOBU- 

LIN 

A/G 

BATIO 

NON- 

FSOTEIK 

NITEO- 

CEN 

EEUO- 

CLOBIN 

Aumo 

NITBO- 

CEN 

A. J. 

Evaporated 

tm. per 
cent 

6.03 

tm. ter 
cent 

3.45 

gm. per 
cent 

2.58 

1.34 

mg. per 
cent 

31.5 

gm. per 
cent 

8.7 

mg. per 
cent 

8.85 

11 mos. 

miltr 

Amigen 

m 

3.97 

2.40 

1.66 

m 

8.8 

8.53 

9,618 gm. 

Edamin 


3.57 

1.90 

1.92 

mSM 

8.5 

7.42 


CTH 

5.88 

3.41 

2.47 

1.38 

29.1 

8.5 

7.00 

P. D. 

Evaporated 

5.29 

3.52 

1.77 

1.99 

27.3 

9.6 

7.56 

6 mos. 

milk 

Amigen 


2.97 


1.42 

22.2 

7.7 

8.30 

6,484 gm. 

Edamin 

. 5.25 

3.17 

2,08 

1.52 

25.0 

8.8 

8.71 


CTH 

5.64 

4.05 

1.59 

2.54 

28.9 

8.4 

8.05 

D. R. 

Evaporated 

6.13 

3.85 

2.28 

1.68 

27.5 

10.4 

8.62 

5 mos. 

milk 

Amigen 

5.70 

3.13 

2.57 

1.22 

20.8 

8.6 

7.30 

6,620 gm. 

Edamin 

5.81 

3.25 

2.56 

1.27 

19.9 

9.7 

8.69 


CTH 

5.88 

3.78 

2.10 

1.80 

30.3 

9.7 

7.70 


and bound amino N, methionine, histidine, tryptophane and organic 
acid levels of the urine above those found with the other three diets. 
It seems reasonable to associate this phenomenon with the inferior 
nutritional properties exhibited by the CTH diet and therefrom to 
interpret the increase in bound amino N to represent protein fragments, 
possibly polypeptides, which owing to the lack of some nutritional 
component in this diet failed to be S3mthesized into normal protein 
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molecules. Moreover, it ■svould appear that the biosjTilhctic failure 
also causes the urinary- loss of methionine, histidine and trj-ptophane, 
amino adds which normally would presumably be utilized in the for- 
mation of complete proteins. Tlie increase in urinar}' organic acid titre 
also observed with the CTH diet seems to be derived for the most part 
from the amino acid increase. 


TABLE IV 


Ef(ci cf Vonous Prdtin Digests on the Urinary MetahoUtes of the Infant 


rojrrr 

tntlHAlY irtTAtlOUTt* 

1 tVAro*‘ 

ATTO 

MtLC 

AUlcrv j 

r-OAKIM 

CT7I 

A.J. 

Total N, pm. 

3.68 

3. IS 

3.50 

4.43 


Free amino N, mp. 

116 

69 

104 

132 

11 mo<. 

Methionine, mg. 

81 

63 

78 

123 


Histidine, mg. 

89 

9S 

90 

117 

9/il8 pm. 

ToTloph^^nc, mg. 

31 

21 

24 

58 


Bound amino K, mg. 

ISO 

132 j 

142 

323 


Org.anie acids, cc. 0.1 N HCl 

124 

101 

104 

268 

r. D. 

Total X, pm. 

2.52 

2. SO 

2.60 

3.46 


Free amino X, mg. 

67 

ISl 

113 

175 

6 mo5. 

MeUiioninc, mg. 

42 

54 

32 

109 


Histidine, mg. 

63 

96 

40 1 

118 

6,48'} pm. 

Trj-ptophanc, mg. 

14 

17 

30 

34 


Bound amino X, mg. 

160 

152 

163 

360 


Organic acids, cc. 0.1 X HCl 

141 

177 

167 

220 

D. R. 

Total X, mg. 

2.32 

2.53 

2.28 

3.33 

1 

Free amino X, mp. 

73 

111 

102 

136 

S mo*. j 

Methionine, mg. 

70 

45 

49 

105 


Histidine, mg. 

68 

87 

32 

no 

6,020 pm. ! 

Tra-ptophanc, mg. 

13 

16 

18 

27 


Bound amino X, mg. 

170 

152 

136 

308 


Organic acids, cc. of 0.1 X HCl 

99 

129 

126 

156 


COilUEKTS 

Previous reports (28) from this laboratory’ indicated that diets pre- 
pared with mixtures of the crystalline amino adds or tryptophane and 
cystine supplemented acid hydrolysates of the proteins induced about 
50 per cent of tire growth in tire immature rats as that of diets con- 
structed from enzymatic digests of the proteins or whole proteins. 



















156 


ALBA^TESE, HOLT, IRBY, SNYDERMAN, AND LEIN 


The findings reported here indicate that the CTH diet also exhibits a 
suboptimal biological value in the infant. Recent work by Woolley 
(29) has shown that the optimal growth characteristics of diets pre- 
pared from whole or enzymatically digest proteins are due to peptide- 
like substances, strepogenin, occurring in these products. Considera- 
tion of our present observations on the CTH diet in the light of Dr. 
Woolley’s work prompts the speculation that the strepogenin fraction 
is also required by the infant for maximal utilization of the dietary 
amino acids. These thoughts must, however, be tempered by a cogni- 
zance of the fact that the suboptimal biological value of our CTH diet 
may arise in part, if not entirely, from the loss of amino acids them- 
selves during the preparation of the acid hydrolysate of casein. 

SUMMARY 

It has been observed that the nitrogen retention and weight gain of 
3 normal infants maintained on a synthetic diet in which a tryptophane 
and cystine reinforced acid digest of casein constituted the principal 
source of nitrogen were respectively about 30 and SO per cent lower than 
those obtained when the same subjects were fed S3mthetic diets at the 
same fluid, caloric distribution and nitrogen levels in which enzymatic 
digests of casein or lactalbumin supplied the principal nitrogen compo- 
nent. The biological value of these latter two diets as indicated by 
the criteria of weight accretion and nitrogen storage appears for short 
periods to be equal to that of diluted evaporated milk formula and to 
that found by previous investigators employing various modifications of 
cow’s milk. The inferior nutritional quality of the acid casein digest 
diet was not reflected in the blood protein levels of our subjects. The 
possible relationship of the poor biological value of this diet to the 
observed higher output of urinary bound anino N and free amino acids 
is discussed. 

We wish to thank Mrs. Barbara Saur and Miss Adele Alpy for their 
assistance in this work. 
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STUDIES ON THE PROTEIN METABOLISM OF 
INFANTS* 

II. Tryptophane Requirement of the Infant 

ANTHONY A. ALBANESE, L. EMMETT HOLT, JR., VIRGINIA IRBY, 
SELMA E. SNYDERMAN and MARILYN LEIN 

From the Department of Pediatrics, New York University College of Medicine and the 
Children's Medical Service, Bellevtie Hospital, New York 

Although it has long been known that on a body weight basis the 
protein requirements of the infant are approximately five times greater 
than those of the adult (1), it is as yet not known whether the high 
nitrogen requirements of the infant are created by a proportionate 
increase in all of the amino acids or by a limiting effect caused by higher 
demands of the growing organism for one or several of the amino acids. 
The need for an answer to this question, which is of obvious importance 
to practical infant nutrition and the physiology of growth in general, 
prompted us to undertake investigations on the amino acid require- 
ments of the infant. The studies reported here reveal that on the 
basis of nitrogen retention data, rate of weight gain and blood protein 
levels, the infant requires 5 times more tryptophane per kilo of body 
weight than does the adult (2). We were surprised to note that within 
10 days the tryptophane deficient diet caused a marked hypoproteine- 
mia in the infant whereas our previous studies had shown that the blood 
proteins of the adult were unaffected by administration of a trypto- 
phane deficient diet for 6 weeks (3). 

EXPERIMENTAL 

Procedures. The observations reported here were made on 3 
normal healthy white male infants. They were given the experimen tal 
diets in 5 feedings daily at the rate of about 100 calories per kilo of 
body weight which were supplemented with 50 mg. of ascorbic acid 
and 15 drops of oleum percomorpheum per diem. The diet periods 
were consecutive and varied in duration from 3 to 7 days, but collec- 

1 The work described in this report was supported by grants from the Rocke- 
feller Foundation, National Live Stock and Meat Board and the Nutrition Foun- 
dation, Inc. 
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tions of the excreta were omitted on week ends to avoid complications 
which might arise from continued use of restraints. The subjects 
were immobilized by the use of abdominal restraints. 24-hour urine 
specimens were collected by means of adapters in bottles containing 
10 cc. of 15 per cent (by volume) HCl and 1 cc. of 10 per cent alcoholic 
thymol and the feces collected in 19 cm. porcelain evaporating dishes 
held in place by a properly shaped excavation in the mattress and 
subsequently accumulated under refrigeration for the period in jars 
containing 200 cc. of 70 per cent alcohol. The infants were weighed 
daily during the course of the experiment. 

The composition of the diets employed is shown in Table I. These 
were made to contain approximately 100 calories per 100 gm. and 
have the following percentile caloric distribution: protein, 14; fats, 
36; carbohydrate, 50. The protein moiety of the tryptophane defi- 
cient diet (TH) was prepared by sulfuric acid hydrolysis of casein as 
previously described by us (4). In order to improve the cystine-poor 
characteristic of this preparation, the final product was reinforced 
with 1 per cent i(— )-cystine of the protein content estimated as 
N X 6.25. The protein component of the control diet (CTH) was 
similarly derived and then supplemented with 1.5 per cent of f(— )- 
tryptophane. In an attempt to ascertain the minimal tryptophane 
requirement under these dietary conditions, the tryptophane addition 
to the diet was made step wise, 0.5 and 1.0 per cent of the protein con- 
tent and these diets are designated as J CTH and | CTH respectively. 
Owing to uncertainties regarding the complete human requirements 
of B complex vitamins. Brewers’ yeast was employed instead of a 
mixture of the synthetically available vitamins. The quantities of 
tryptophane derived from this source appear to be approximately 
6 mg. per gram (5). Thus the amount of tryptophane provided by 
the diets per kilogram of infant body weight can be roughly estimated 
(Table I). The final nitrogen content of each batch of diet was deter- 
mined by micro-Kjeldahl analysis. 

Data on the nitrogen retention were calculated from the results of 
micro-Kjeldahl analyses of the daily 24 hour urine collections, period 
pools of feces and daily N intake computed from the consumption 
record and nitrogen content of diet. 

Pooled specimens of urines representative of each diet period 
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were analyzed for 10 amino acids and other metabolites by methods 
described by others and ourselves. Since urinary tryptophane under- 
goes destruction on standing even at refrigerator temperatures, this 
amino acid was determined in' the daily samples (6) and the daily 
values averaged for each period. 

Blood samples (10 cc.) were collected over lithium oxalate on 
the last day of each period by vena puncture. The hemoglobin con- 
tent of these specimens was determined colorimetrically in the Klett- 

TABLE I 


Composition of Diets 


DIETS 

TH 

1 CTH 

1 CTH 

CTH 

Acid hydrolyzed casein* 

im. 

3.5 

rm. 

3.5 

fm. 

3.4 

gm. 

3.4 


0.017 

0.034 

0 053 

/( — )-Cystine 

0.035 

0.035 

0.035 

0.035 

Brewers’ yeastf 

1.0 

1.0 

1.0 

1.0 


4.0 

4.0 

4.0 

4.0 

Dextri’inaltose 

9.6 

9.6 

9.6 

9.6 

Arrowroot starch 

2.3 

2.3 

2.3 

2.3 


1.6 

1.6 

1.6 

1.6 

Water 

78.0 

78.0 

78.0 

78.0 

Total 

100.0 

100.0 

100.0 

100.0 



6 

23 

40 

59 




* N X 6.25 = gm. of protein. 

t Kindly supplied by the Mead Johnson and Company. 

t The salt mixture employed had the following composition (measured in gm.) : FeSOi 
0.9, NaCl 6, Ca gluconate 48, Ca(OH), 12, KH 2 PO, 20, K.HPO, 7, KCl 6, MgO 0.1. 

Summerson photoelectric colorimeter. The total plasma proteins, 
albumin and non-protein N were determined by the usual procedures 
(7). The globulin was estimated as the difference of total protein and 
albumin. The amino N content of the plasma was determined by 
the copper method (8). 


RESULTS 

The data collected in Table II show that in the absence of die- 
tary tryptophane all three subjects imderwent a marked decrease in 
















PROTEIN METABOLISM OF INFANTS 


161 


the daily weight gain and a drop in nitrogen retention. Since the 
growing organism is normally in a state of high positive nitrogen 
balance a drop from the nitrogen retention values characteristic of 
the individual must be given the same interpretation as the inducement 
of a negative nitrogen balance in the adult, namely that tryptophane 
must be regarded as a dietary essential for the infant. This inference 
is corroborated by the concomitant decrease in body weight gain 

TABLE II 


Efecl of Dietary Tryptophane on the Nitrogen Retention and Body Weight Gain of the Infant 


nOTIAL ACE 

AND WEIGHT 
or SUBJECT 

DIET 

PEtlOD 

AVER- 

AGE 

DAILY 

WT.OAIN 

INTAKE PER 
KG. 

TOTAL 

NITROGEN OUTPUT 

NITROGEN 

RETEN- 

TION 

Vol- 

ume 

Nitro- 

gen 

INPUT 

Urine 

Feces 

Total 



days 

tm. 

cc. 

gm. 

rm. 

rm. 

rm. 

tm. 


R. D., male 

CTH 

7 

16.0 

102 

0.69 

5.01 

3.33 

0.63 

3.96 


6 mos. 

TH 

7 

2.1 

104 

0.64 

4.63 

3.28 

0.53 

3.81 


7.281 kg. 

TH 

4 

-39 

68 

0.53 

3.24 

wTm 

0.19 

3.25 



CTH 

7 

79 

109 

0.68 

4.82 

1.61 


2.01 


D. P., male 

CTH 

7 

,12.0 

m 

0.69 

4.96 

3.46 

0.47 

3.93 

144 

7 mos. 

TH 

7 

2.1 


0.64 

4.57 

3.45 

0.28 

3.73 

101 

7.136 kg. 

TH 

4 

-32.0 

77.5 

0.53 

3.77 

3.37 

0.37 

3.74 

4 


CTH 

3 

104.0 


0.67 

4.80 

1.90 

0.49 

2.39 

334 


CTH 

4 

50.6 

102.1 

0.67 

4.92 

3.35 

0.55 

3.90 

135 

S. A., male 

CTH 

7 

19.9 

103 

0.65 

6.65 


0.88 

5.31 

130 

12 mos. 

TH 

7 


98 

0.66 

6.50 


0.82 

5.27 

129 

10.262 kg. 

TH 

7 

-18.1 

82 

0.51 

5.15 

4.17 

0.39 

4.56 

57 


ICTH 

4 

-54.3 

■aiM 

0.45 

4.51 



3.89 

59 


§ CTH 

3 

66.0 

98 

0.52 

5.29 

Ml 

0.36 

3.33 

169 


CTH 

4 

22.8 

99 


6.19 

3.71 

0.49 

4.20 

194 


caused by the tryptophane deficient diet and the restoration of both 
growth fimctions to the norm on the CTH-diet. Incidentally, it is 
to be noted that in every instance the decrease in weight gain preceded 
the drop in nitrogen retention. 

Attention is also called to the fact that due to the onset of a per- 
sistent anorexia in the second TH diet period, the total daily nitrogen 
intake fell about 1 gram in all three subjects. This anorexia disap- 
peared dramatically with the addition of tryptophane to the diet. 
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It might therefore be inferred that the drop in nitrogen retention was 
associated by the decreased intake. However, this does not appear 
to be the case, since we and others before us (1) have observed that 
infants of this age are able to retain upwards of 120 mg. of nitrogen 
per kilogram on intakes of 3.0 gm. of nitrogen derived from milk pro- 
tein preparations. Further evidence of this phenomenon is to be 
derived from the data on subject S. A., who retained 169 mg. of N 
per kilo on an intake of 5.29 gm. of N from | CTH diet but retained 
only 57 mg. of N per kilo of 5.15 gm. of N from TH diet. 

Further examination of these data reveals that feeding of CTH 
diet to subjects R. D. and D. P. following the 11 days of tryptophane 
poor diet causes an abnormally high nitrogen retention and weight 
gain which returned to normal levels in the second week of CTH 
diet (subject D. P.). Inasmuch as this did not occur in subject S. A. 
who was given the § CTH and f CTH diets prior to the CTH, suggests 
that a Angorous and compensatory resumption of growth under a 
limited tryptophane intake is only possible when the full complement 
was made available to the organism. 

Inasmuch as diets TH and CTH furnish respectively about 6 and 
59 mg. of tryptophane per kilo of body weight, the tryptophane 
requirement of the infant must lie between these two limits. In the 
single experiment (S. A.) in which the tryptophane content of the 
diet was increased stepwise, it was found that unlike the f CTH diet, 
the f CTH caused a return of both growth fimctions to the norm. 
This finding suggests that under the dietary conditions of these studies, 
the tryptophane requirement of the infant is between 23 and 40 
mg. per kilo, or approximately 15 times the adult need. 

The implications of the nitrogen balance measurements appear to 
be supported by variations in urinary tryptophane output induced 
by the various diets (Table III). Thus it will be noted that in all sub- 
jects the tryptophane output falls below the normal of each individual 
with the removal of tryptophane from the diet and returns to the norm 
on restoration of tryptophane to the diet. Interestingly enough, 
the upsurge in urinary tryptophane occurred during the f CTH diet 
and not in the f CTH diet period. These findings lend additional 
support to the notion that the tryptophane level of the urine may 
serve as a criterion for the estimation of the minimum dietary require- 
ment of the amino acid. 
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Measurements of the blood proteins during the various regimens 
disclosed that within 10 days a tryptophane-poor diet caused an 

TABLE III 


E^ect of Dietary Tryptophane on the Daily Urinary Tryptophane Output of the Infant* 


s. D., UALE, 5 MO., 7.28 KG. 

D. P., MALE, 7 MO., 7.14 EC. 

S. A., MALE, 12 MO., 10.26 EC. 

Diet 

Period 

Trypto* 

pbane 

Diet 

Period 

Trypto- 

phane 

Diet 

Period 

Trypto- 

phane 


days 

gm. 


days 

ptf. 


days 

tnf. 

CTH 

7 

27 

CTH 

7 

24 

CTH 

7 

58 

TH 

7 

20 

TH 

7 

26 

TH 

7 

47 

TH 

4 

14 

TH 

4 

12 

TH 

7 

31 

CTH 

7 

20 

CTH 

3 

10 

ICTH 

4 

16 




CTH 

4 

32 

1 CTH 

3 

31 







CTH 

4 

54 


\* Unlike the microbiological procedures the chemical procedure (6) employed in 
this work measures the total (free and bound) tryptophane output. 


TABLE IV 


Eject of Dietary Tryptophane on the Blood Proteins of the Infant 


SUBJECT 

PIET 

FEKIOD 

TOTAL 

PLASMA 

FKO- 

TEINS 

ALBtJ- 

MIM 

GLOBU- 

LIN 

A /a 

EATIO 

NON- 

PEOTEIN 

NITRO- 

GEN 

HEMO- 

GLOBIN 

AMINO 

KIT20- 

CEN 



days 

im.% 

fm.% 

tm.% 


ntg. % 

rm. % 

m[. % 

R. D., male 

CTH 

7 

5.88 

3.78 

2.10 

1.80 

30.3 

IB 

7.7 

5 mos. 

TH 

7 

5.35 

3.54 

1.81 

1.96 

29.6 


8.1 

7,281 gm. 

TH 

4 

4.88 

3.32 

1.56 

2.13 

24.3 

10.4 

8.1 


CTH 

7 

5.54 

3.58 

1.96 

1.96 

17.9 

Hi 

7.9 

D. P., male 

CTH 

7 

5.64 

4.05 


2.54 

28.9 

8.4 

8.1 

7 mos. 

TH 

7 

4.68 

2.92 

1.76 

1.66 

25.7 

9.1 

9.4 

7,136 gm. 

TH 

4 

4.32 

2.82 

1.50 

1.88 

27.7 

9.2 

9.9 


CTH 

3 

— 

— 

— 

— 

— 

— 

— 


CTH 

4 

5.96 

3.82 

1.73 

2.21 

16.2 

9.1 

8.7 

S. A., male 

CTH 

7 

5.88 

3.41 

2.47 

1.38 

29.1 

8.5 

7.0 

12 mos. 

TH 

7 

5.13 

3.03 

2.10 

1.44 

29.8 

8.5 

8.5 

10,262 gm. 

TH 

7 

4.28 

2.80 

1.48 

1.89 

30.9 

10.2 

8.4 


i CTH 

4 

5.69 

3.02 

2.67 

1.13 

17.8 

ESI 

8.1 


i CTH 

3 

5.53 

3.04 

2.49 

1.22 

23.4 

Is 

8.4 


CTH 

4 

5.93 

2.99 

2.94 

1.02 

20.6 

IB 

8.1 


appreciable hypoproteinemia which is reflected for the most part in 
a decreased albumin level (Table IV). Attention is called to the 
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finding in subject S. A., where the nitrogen retention, weight change 
and urinary tryptophane values became normal during the | CTH 
diet period, while the plasma proteins were returned to nearly normal 
levels by the ^ CTH diet. This observation suggests to us that the 
blood proteins have a higher priority on the available nutrients than 
other body tissues. The hemoglobin concentration and amino N 
level of the blood do not appear to be influenced by the brief period 
of tr3^tophane deficiency. Cell counts remained within normal 
levels at all times during the course of the studies. 

COMMENTS 

We have previously reported that on the basis of nitrogen balance 
and urinary tryptophane data, the tryptophane requirement of the 
adult was approximately 6 mg. per kilogram of body weight (2). 
In the present study measurements of nitrogen retention, rate of body 
weight gain, urinary tryptophane output and plasma protein levels 
indicate tliat infants 5 to 12 months of age require about 30 mg. of 
1(— )-tryptophane per kilo of body weight for normal growth. It 
appears, therefore, that on a weight basis, the tryptophane, like the 
nitrogen needs of the infant are five times as great as those of the adult 
and that the high protein requirement of the infant is predicated in 
part by the tr3q3tophane needs. In our studies on the effect of an 
experimental tiyptophane deficient diet in the adult (3) we observed 
that the plasma proteins failed to reflect the dietary defect even after 
six weeks of the regimen. This result is to be contrasted with the 
rapid drop of plasma protein levels induced in the infant by the trypto- 
phane poor diet. A reaction, indeed, more rapid than that observed 
in the immature or adult rat (4). This phenomenon cannot but im- 
press one of the relatively greater biological sensitivity of the infant 
to dietary privations and of the desirabihty of measuring the nutri- 
tional requirements of the infant directly rather than upon inferences 
derived from results of adult human or rat experiments. 

The pronounced anorexia which all three subjects developed to the 
tryptophane deficient diet and its disappearance on supplementation 
of the deficient diet with Z(— )-tiyptophane arouses considerable specu- 
lation as to its etiology. The infants’ dislike for the deficient diet 
cannot reasonably be attributed to a difference in taste of the 
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two preparations, since the addition of the necessary but small amount 
of tiyptophane could not be expected to greatly improve the taste 
of the preparation; and indeed a change in taste could not be detected 
by us. Apparently, the symptom is caused by the same psycho- 
biological factors which regulate self-selection of diets in experimental 
animals (9) which have also been shown to function in the child (10). 

SUMMARY 

It has been found that the infant requires approximately 30 mg. 
of 1(— )-tryptophane per kilogram of body weight per day for the 
maintenance of normal growth, nitrogen retention and plasma protein 
levels. The significance of these findings is discussed. 

We wish to thank Mrs. Barbara Saur for some analyses performed 
in connection with this work. 
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THE ANTIPELLAGRA ACTION OF 
Ni-METHYLNICOTINAMIDEi 

VICTOR A. NAIJAR akd CAROLYN C. DEAL 

From the Department of Pediatrics, Johns Bopkins Medical School and The Harriet Lane 
Borne, Johns Bopkins Hospital, Baltimore, Maryland 

It is now generally accepted that the Fj product (1, 2, 3) of nicotin- 
amide metabolism is mostly and NLmethylnicotinamide compound 
(4, 5, 6, 7). In studying the biological activity of this compound 
Najjar et al. (8) showed that dogs placed on a black tongue producing, 
diet and receiving N'-methybiicotinamide chloride as a supplement 
did not develop symptoms and signs of nicotinic acid deficiency, 
whereas the controls, animals not receiving the drug, developed the 
disease. With large doses of N^methylnicotinamide, one dog with 
manifest deficiency showed a good curative response. This was not 
substantiated by the work of Teply et al. (9). However, Vance (10) 
was able to effect cure in a case of human pellagra, using large doses of 
the drug. 

A comparative study of the vitamin effect of nicotinamide and 
its methyl derivative was carried out. The results, shown below, 
indicate that the methyl derivative showed some response but far 
less pronounced than that of nicotinamide. The positive response 
is further proof that the drug does not display a vitamin analogue 
effect (11), similar to that obtained by Wooley (13) using 3-acetyl- 
pyridine as a vitamin analogue that precipitated nicotinic acid de- 
ficiency in mice. 


EXPERIMENTAL 

Three yoimg male dogs were used, weighing 6.0, 8.3 and 8.4 kilo- 
grams. These were housed in individual cages, weighed daily and 
fed unlimited quantities of a black tongue producing diet supplemented 
with thiamin and riboflavin (8). When their weights declined, ap- 
petites began to fail and before any manifest deficiency s3miptoms 
were apparent, the animals received by intramuscular injection equi- 
molar quantities of the vitamin or its methyl derivative and the re- 

^ Aided by a grant from Mead Johnson and Company, Evansville, Indiana. 

166 



ANTIPELLAGRA ACTION OF N‘-itETHYLNICOTrNAMIDE 


167 


sponse was observed. 0.5 mg. of nicotinamide or 0.707 mg. of 
N‘-methylnicotinamide chloride- per kilogram of body weight were 
administered daily for a period of ten days. The parenteral route 



Fig. 1. □□□ = N'-methylnicotinamide chloride injected — 0.707 mg. per 
kilogram. ■■■ = Nicotinamide injected — 0.5 mg. per kilogram. 

The break in the curv'es indicates a period where no therapy was given. Dog I, 
however, was given a second treatment with N’-methylnicotinamide for ten days 
on the 100th day. The response was similar to that shown on the curve. 

thus used precludes the possibility of any conversion of the methyl 
compound to nicotinamide by bacterial action or otherwise. 

?The N^-methylnicotinamide chloride was prepared by Earrer’s method (12). 
Its melting point and that of its picrate were obtained essentially as in the previous 
report (8). 

With the purity of the material as checked by the melting point, any possible 
contamination with nicotinamide would be chemically negligible and, with the 
small doses used, biologically not detectable. 
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Two of the dogs treated with nicotinamide showed a marked im- 
provement in appetite and a striking gain in weight which was main- 
tained for over five days after the last dose was given. Dog II, 
however, died suddenly on the third day of therapy which explains 
its failure to respond. No demonstrable cause was found at autopsy. 

N‘-methylnicotinamide chloride, however, produced only a slight 
improvement in appetite and, at best, a slight gain in weight or a 
cessation in weight loss, neither of which were sustained beyond the 
last day of therapy. 


CONCLUSION 

N>-methylnicotinamide chloride has a slight antipellagra effect, 
although much less pronounced than nicotinamide on an equimolar 
basis. 
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DISAPPEARANCE TIME OF TREPONEMA PALLIDUM 
FROM LESIONS OF EARLY SYPHILIS FOLLOWING AD- 
MINISTRATION OF CRYSTALLINE PENICILLIN 

HAROLD A. TUCKER, M.D. akd RAYMOND C. V. ROBINSON, M.D. 
From the Syphilis Division of the Medical Department, The Johns Hopkins University 


YTien the sodium salt of crystalline penicillin G became available for 
research purposes it was necessary to establish the potency of the new 
preparation in syphilitic infections in man. Several methods of assay 
have been employed, including determinations of blood levels and 
urinary excretion, but none has been entirely satisfactory. One recent 
report (1) deals with the effect of single intramuscular injections of 
penicillin G and related species of penicillins on darkfield positive 
syphilitic lesions in man. No attempt was made, however, to deter- 
mine a quantitative relationship between dosage and disappearance 
time of surface Treponema pallida. 

In this corrununication we report the results of a serial darkfield 
method in 35 patients mth early syphilis. The sodium salt of penicil- 
lin G was administered to each on a gravimetric basis and darkfield 
examinations for T. pallidum were done at intervals during the follow- 
ing 48 hours in order to ascertain the effect on surface treponemes of 
various dosages of the antibiotic agent. 

MATERIAL AND METHODS 

Patients used in this study all had darkfield positive cutaneous or 
mucocutaneous lesions of primary and/or secondary syphilis. None 
had received previous treatment of any kind for the present syphilitic 
infection and all were hospitalized throughout the period of observa- 
tion. The lesions chosen were early and succulent, usually measuring 

‘ This work was done under a contract recommended by the Committee of 
Medical Research between the Office of Scientific Research and Development and 
The Johns Hopkins University; and imder a grant-in-aid to the Johns Hopkins 
University from the United States Public Health Service, National Institute of 
Health, Sj’phil'is Study Section. 

Penicillin fractions employed were furnished by Dr. Hany Eagle. 
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TABLE 1 


Duration of Darkfield Positivity in Lesions of Early Syphilis in Man Following Varying 

Dosages of Penicillin G 


TOTAL 

OXFORD 

NUUBER OF 


HUUBER DARKFIELD FOSITIVE AT HOtTRS 




TESTED 

6 

9 

13 

18 

24 

43 

mi./kg. 

87.0 

130,500 

1 

1 

0 

0 

0 

0 

0 

IS.O 

22,500 

2 

2 

2 

0 

0 

0 

0 

3.00 

4,500 

1 

1 

1 

0 

0 

0 

0 

0.600 

1,000 

2 

2 

2 

0 

0 

0 

0 

0.180 

300 

3 

3 

i 3 

0 

0 

0 

0 

0.090 

. ISO 

6 

6 

6 

3 

1 

0 

0 

0.07S 

125 

5 

5 

5 

3 

1 

1 

0 

0.060 

100 

9 

9 

9 

6 

5 

3 

1 

0.053 

88 

4 

4 

4 

4 

3 

4 

3 

0.038 

64 

2 

2 

2 

2 

2 

2 

2 



Fig. 1. Graph Showing Percentage of Patients Remaining Darkfield 
Positive at Intervals Following Gravimetric Administration 
OF Penicillin G 
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over 1 cm. in diameter and, where several were present, an effort was 
made to utilize the same one for all tests. 

The method employed was as follows; the lesion selected was abraded 

2 or 3 times, after removal of crusts, and firmly squeezed until abundant 
clear serum was seen. Serum obtained was examined at once for 
treponemes and negative results were checked by a second observer. 
Examinations were called negative only after a 10 to 15 minute searcli 
on each of 2 or more preparations. The patients recemng the small- 
est amount of penicillin served as controls for the method itself, in that 
their lesions remained positive throughout the observation period. 

The total dosage was calculated on a gravimetric basis in terms of 
body weight and was administered in 3 equal intramuscular injections 
in aqueous solution at intervals of three hours. At the time of the 
third injection the six-hour darkfield examination was performed. In 
the 4 patients receiving the largest dosages, a preparation was employed 
which contained over 1500 Oxford units per mg. of penicillin G (Com- 
mercial Solvents Corporation 46042605). All others were given the 
pure crystalline product having an in vitro potency against the standard 
test strain of Staphylococcus aureus of 1667 units per mg. (Merck 1116). 

RESULTS 

Results of these studies are presented in Table 1. It is apparent 
that an inverse relationship exists between the dosage of the antibiotic 
and the time required for disappearance of surface treponemes. 
Variability among members of groups receiving the smallest dosages is 
also noteworthy. Figure 1 shows the relations of the 3 factors con- 
sidered: dosage, time and darkfield positivity. 

Febrile or febrile and cutaneous Herxheimer reactions occurred in 
more than half the patients studied. 

DISCUSSION 

Although lesions are reported to have become darkfield negative 

3 hours after the administration of intramuscular commercial penicillin 
(2), we failed to obtain negativity in less than 6 hours even when a total 
dosage approximating 6,250,000 0.xford units was used. According 
to Olansky and Putnam (1) 6 of their patients were darkfield negative 
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8 hours after a single dose of 50,000 Oxford units of penicillin G (30 
rog.); the mean time for aU 10 patients was 9.6 hours. These data, 
together with the marked variation found in our material where a 
standardized darkfield method was employed, demonstrate the im- 
practicability of such procedures in the assay of penicillin preparations 
in man. 

Within the range studied, the severity and duration of Herxheimer 
reactions appeared to be unrelated to the dosage of penicillin G em- 
ployed. For example, the patient receiving 87.0 mg./kg. of the anti- 
biotic had no Herxheimer reaction, whereas a majority of those who 
got the smaller amounts had febrile responses. 

Too few patients have as yet been studied in a similar manner with 
other species of penicillins to warrant conclusions.^ 

The effect of penicillin G on surface treponemes in rabbit syphilis 
is under investigation by Turner and his associates (3). A comparison 
of data disclosed that the amount of penicillin required to produce an 
endpoint at 24 hours was of the same general order of magnitude 
(approximately 0.060 mg./kg. for rabbits, approximately 0.075 mg./ 
kg. for man), under the conditions of the 2 experiments. Endpoints 
differed in that we required negativity; Turner and his associates, 
however, required only that the munber of T. pallida be reduced by 
95 per cent or more from an original count of 100 organisms or greater. 

SUMMARY 

Thirty-five patients with early syphilis were given penicillin G in 
amounts ranging from 0.038 to 87.0 mg./kg.; darkfield examinations 
were then done at intervals. An inverse relationship between dosage 
of penicillin G and time required for disappearance of surface trep- 

2 A total of O.SO mg./kg. (20,000 units intramuscularly every 3 hours for 3 doses) 
and 0.33 mg./kg. (20,000 every 3 hours for 2 injections) of penicillin K were given 
to each of 2 patients. In the first, darkfield examination was positive at 1S.5, 
negative at 24 hours, while in the second patient, examination was positive at 12, 
negative at 15.5 hours. 

Another patient was given a total of 0.60 mg./kg. of penicillin X in a single dose. 
Darkfield examination at 16 hours was positive but no T. pallida were seen at 24 
hours. 
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onemes was demonstrated. Variability among patients receiving 
comparable dosages was so great as to make the method unsatisfactorj’- 
for the assay of penicillin preparations in man. 
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THE PREVENTION OF PYLORIC LIGATION-INDUCED UL- 
CERS OF THE GASTRIC RUMEN OF RATS BY TRANS- 
ABDOMINAL VAGOTOMY: A PRELIMINARY REPORT 

HENRY N. HARKINS, M.D. 

From the Department of Surgery, Johns Hopkins University and the Johns Hopkins 

Hospital 

Starved rats regularly develop multiple hemorrhagic ulcerations 
of the gastric rumen, as well as occasional ulcers of the gastric fimdus, 
within IS hours following pyloric ligation. This phenomenon, first 
observed by Shay, Komerov, Fels, and Meranze (1945) and further ■ 
studied by Pauls, Wick and MacKay (1946) was regularly seen in 
our control rats. It was thought advisable to test the effect of va- 
gotomy on the development of these ulcerations. 

Technic: Littermate albino rats of the Sprague-Dawley strain 
weighing about 200 gms. were starved for 72 hours. The animals 
were allowed water ad libitum and were placed in cages with wide 
mesh wire bottoms to eliminate eating of excreta. The animals were 
then anesthetized with intraperitoneal pentothal plus inhalation 
ether. Using aseptic precautions, a short vertical epigastric incision 
was made to expose the stomach. The pylorus was ligated in all 
animals, and in the vagotomized half of the series, the vagus nerves 
were completely and tightly ligated just below the diaphragm. In 
the control series, the esophagus was freed from the surrounding 
nerves exactly as for vagotomy, except that the vagi were not ligated. 
The abdominal woimd was then resutured, the animals were replaced 
in the cages this time without water, and either killed with ether at 
the end of a specified time, or permitted to live until death in the 
survival experiments. 

Results: (a) Animals killed at the end of 24 hours. In the control 
series all of the 22 rats had ulcerations of the gastric rumen and 8 out 
of 22 had ulcers in the fundus. The average number of ulcers in the 
rumen was 22 per rat, as shown in Table 1. There were 435 small 
ulcers and 45 large ulcers, the latter being by definition larger than 
4 mm. in one diameter. Two of the rats had a perforated ulcer of 
the rumen. In the 20 vagotomized rats there were no ulcers of the 
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rumen or fundus in any instance. Microscopically, the ulcers ■were 
deep, as described by Shay, et ah, and involved most of the layers of 
the stomach wall. There was considerable edema of the stomach 
wall in the ulcerated control series. The vagotomized stomachs 
showed no microscopic edema or ulceration. 

As also seen in Table 1, the control ariimals had much more fluid 
in the stomach at death than did the vagotomized rats (15 cc. as 
opposed to 7 cc.). Furthermore, the gastric fluid was more acid in 


TABLE 1 

The Effect of Vagotrmy on the Dnehpment of Ulcers of the Gastric Rumen of the Rat 
Tventy-Four Hours After Pyloric Lisalion 



2lco)moi.*ATs 

10 vAooToinmi uiTs 

Small ulcers 

435 

0 

Large ulcers (>4 mm.) 

45 

0 

Ulcers of rumen (av. per rat) 

22 

0 

Perforations of ulcers 

2 

0 

Ulcer of fundus present 

8 

0 

Volume gastric fluid average (cc.) 

15 

7 

Free acid average (units) 

34 

8 

Total acid average (units) 

94 

66 


TABLE 2 

The Effect of Vagotomy on the Duration of Life in Rats After Pyloric Ligation 



10 COSTIOI. »ATS 

10 VACOTOUXZrO SATS 

Average length of Hfc in hours 1 

49 

105 



the control series (free acid = 34 average; total add = 94 average), 
than that from the vagotomized stomachs (free acid = 8 average; 
total add = 66 average). 

(b) Survival cxpcrivtcnis. A scries of 20 rats was treated by pyloric 
ligation and half were in addition vagotomized. The animals re- 
ceived almost daily intraperitoncal glucose-saline injections to prevent 
dch 3 'dration. As shown in Table 2, the ten control animals lived an 
average of 49 hours while the equal number of rats ■ndth supplementary 
\-agotomy lived an average of 106 hours. In ever\- pair of rats the 
\agotomizcd animal lived Uie longest. 
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Discussion: Whether the lesions usually produced by pyloric ligation 
can be classified as ulcers or erosions, the fact remains that vagotomy 
completely inhibited their development in the series studied and over 
the time limit of 24 hours utilized in these experiments. The mode 
of action of vagotomy is not entirely clear. A lessened gastric acidity 
is not the only factor, because certain control rats developed ulcers 
despite a less acid gastric juice than observed in some of the vagot- 
omized rats, none of which showed ulcerations. A lessened gastric 
distension is also not the only factor, because certain control rats 
developed ulcers despite a smaller amount of gastric contents than 
observed in some of the vagotomized rats, none of which, as was 
pointed Out before, showed ulcerations. 

CONCLUSIONS 

1. The production by pyloric ligation of ulcerations of the gastric 
rumen in starved rats has been prevented in the experiments outlined 
above by transabdominal vagotomy (Control series = 480 ulcers in 
22 rats; vagotomized series = 0 ulcers in 20 rats). 

2. Vagotomy lengthens the life of pylorus-ligated rats under the 
conditions studied (Control series = 49 hours average; vagotomized 
series = 106 hours average). 

3. Vagotomy lessens the acidity and volume of the accumulated 
gastric fluid, but neither of these factors alone explains the prevention 
of the ulcerations by this procedure. 

The gastric analyses were done by Mr. Stuart R. Elliott, II. 
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{Thc«; reviews represent the indmdual opinions of the reviewers 
and not necessarily those of the members of the Editorial 
Board of this Journal) 

Psychclkerapy in General Medicine: Report of an Experimental Fostpraduate Course. 
By Geddes Sinni. 38 pp. $.25. The Commonwealth Fund, New York, 
New York, 1946. 

Increasing recognition of the importance of basic psychiatric prindplcs and 
methods in general medical practice has stimulated educational planning to over- 
come past dcfidcndcs. This booklet of 38 pages sets forth succinctly a pioneer 
experience in attempting to teach psychotherapy to 25 general practitioners in 
Minnesota in a two weeks course, sponsored by the Commonwealth Fund and the 
Dirision of Postgraduate Education of the Unis’crsity of Minnesota. This account 
of the experimental project high-lights the vidd personal and emotional experience 
of the practitioner-students in this concentrated training in which the main theoret- 
ical emphasis was placed on understanding personality development, and the 
mcaningfulncss of sjTnptoms, and the main practical emphasis was placed on the 
doctor’s opportunity to influence personality functions through an understanding 
use of the emotions and dj-namics of the doctor-patient relationship. A follow-up 
study is planned. 

In the rcdcivcr's opinion, this educational experiment is an expression of a dtal 
cliange in the role of psychiatry* in medical education, and it may light the way to 
more cflcctivc means of teaching basic psychiatry at graduate and undergraduate 
levels. J.C.W. 

Jerome Cardan. By Jaites EcraiAN. 120 pp. $2.00. Supplements to the 
Bulletin of the History of Medicine, No. 7. The Johns Ilopkins Press, Balti- 
more, ifarylar.d, 1946. 

Stimulated by prerious study of the period of the Renaissance, James Eckman 
has written “Jerome Cardan” to signalize the quatcrccntcnary of Cardan’s "Ars 
Magna” and to enliven the waning fame of that physidan and mathematitian 
of the sixteenth century. The present work is a scholarly one in which tlic author 
altcmpl-s to appraise his subject in terms of the writings of his contemporary and 
later critics, friendly and hostile, as wd! as in the light of Cardan's o-.vn writings. 
In his examination of the literature concerning Cardan, the author has made also 
the interesting discovery that “The Life and Times of Jerome Cardan” by James 
Crtisslcy is apparently an apochryphnl biography. Because of the cxtc-nsivc an- 
notation, this biographical monograph is somewhat lacking in narrative quality 
and is more likely to appeal to the serious student of medical history than to the 
casual reader thereof. P.. A. 
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A Primer for Diabetic Patients. By Russell M. Wilder. 8th Ed. Illus. 192 
pp. $1.75. W. B. Saunders Company, Philadelphia, Pennsylvania, 1946. 

Designed to help the diabetic patient understand his disease and many of the 
principles underlying the treatment of diabetes, this book has been of tremendous 
assistance to the medical profession since its first edition in 1921. It coyers in 
simple terms the physiology of diabetes, gives instructions for assaying urine sugar 
and ketone bodies, discusses the dosage and administration of insulin, the treat- 
ment of complications, and the principles of diet with many recipes and lists of 
substitution equivalents. 

The 8th edition contains several changes from the 7th issued in 1941, the most 
important of which is in the section on the use of insulin. This edition requires 
the patient to adjust his insulin so that the urine will be free of sugar, whereas 
earlier editions permitted the spilling of some sugar provided there were no symp- 
toms or ketonuria. 

There will be some criticism of this book because it could encourage self treat- 
ment by independent patients, and because the diets outlined tend to have more 
fat and less carbohydrate than some clinics recommend. But used as an adjunct 
to adequate medical supervision it will continue to be one of the most useful and 
practical guides for diabetics. , R. E. M. 

Surgery of Repair-Injuries and Burns. By D. N. Matthews. Illus. 386 pp. 
$10.00. Charles C Thomas, Springfield, Illinois, 1943. 

The material in this book is based upon the broad experiences of the author in 
treating casualties of the Royal Air Force during World War II. 

While emphasis is laid on the treatment of injuries which commonly come 
within the domain of plastic surgery, practically aU types of injuries are discussed 
with the exception of orthopedic and neurosurgical problems. With such a wide 
range of topics in a relatively small volume it has apparently been necessary to 
oversimplify and condense some sections of the book. 

Certain general principles of treatment which are advocated were widely used 
at the beginning of the war but were later apparently largely superseded by other 
forms of therapy. The local use of sulfanilamide which the author frequently 
advises was seriously questioned and in some theaters largely abandoned. The use 
of plasma in preference to blood in the treatment of shock in most battle casualties 
as advocated in this volume might also be questioned. Even in the care of burned 
patients with marked hemoconcentration the judicious use of whole blood has been 
recommended by the recent reports of the Shock Committee of the National 
Research Council. The superiority of whole blood over plasma in shock therapy 
was repeatedly emphasized in the later years of the war although plasma was 
generally more readily available. 

The “closed” method of treating bums by means of undisturbed vaseline 
pressure dressings, which is very widely used in this country, is not discussed. 

Many of the standard techniques of plastic surgery, free skin grafting, elevation 
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and Iran'plmtation of 'kin tubes and flaps, and so on, are dearly described and 
amply illustrated. 

As a sun-cy of the field of traumatic surgeiy* the book has deflnite value, but for 
one specializing in tliis field more detailed information can be obtained elsewhere. 

\V.P.L.,Jr. 

The. Trautr.alic Defcrrr.ilies and DisabiUties cf the Upper Exiremily. By Arthi'P. 
Steindixp.. DIus. 515 pp. §10.00. Charles C Thomas, Springfield, Illi- 
nois, ]9'16. 

In an interesting book of handy size, the author has succeeded in adequately 
covering the subject of the disabilities and deformities of the upper extremity 
resulting from injury. This is accomplished by grouping the changes under the 
heading of functional disturbances rather than under anatomical divisions. Many 
of the pathologic diangcs and therapeutic considerations arc assembled into one 
section that deals with such subjects as contractures of muscles, articular capsules 
and skin, mechanical principles, and processes of repair of bone, tendon and nerves. 
This results in appreciable space saving. 

The applicable principles of surgery, physiotherapy and ocaipational therapy 
arc handled in a similar manner. The description of the traumatized structures 
and tlic assodated functional disturbances arc then presented in a comprehensive 
manner without repetitious discussion of sccondaiy changes. 

To get the greatest \-aluc from tin's book, it should first be studied as a whole. 
After this has been done, refcrenecs to spedfic lesions will yield a comprchcn.sivc 
picture in a minimum of time. Numerous illustrations help darify the text. 
Case reports give concrete c.xampics of tlie lesions and the procedures. The 
listing of numerous references at the end of each section enhances the %-aluc of the 
book. The general surgeon, the traumatologist, and the orthopcdbl will each 
find this volume a desirable addition to his library. IV. N. 

Diabclic Care in Piciiires. By Helet; Rosenthal, Frances Stee.n and Joseph 
ROSE.STHAL. Ulus. 150 pp. $2.00. J. B. Lippincclt Company, Philadel- 
phia, Pennsylxania, 1946. 

The idea of teaching the diabetic patient dietetic principles by means of pictures 
seems to us excellent in prindplc. The text is written in admirably simple diction, 
and the pictures arc good. There arc, however, certain dilemmas prcscntetl to the 
user, whidi, despite the obvious advantages of the method, arc highly confusing. 
On one page arc given protein equivalents, on another carbohydrate and on a 
third fat. If, for c-xamplc, one wants to indude milk in the diet, he learns on 
page 24 that one whole cup furnishes 7 grams of protein, on page 40 that J cup 
contains 5 grams of fat and on page 42 that 2 tablapeonsjul contain 0J6 grams 
caldum, etc. This presents a rather nice problem i.n arithmetic as U:c amounts of 
milk differ in each instance. 



180 


BOOK REVIEWS 


In the exchanges the method of calculation becomes difficult, too; for example, 
3 ounces of mackerel and 4 olives are equable fat exchanges, but what about the 
protein in the mackerel? This difficulty holds throughout all the exchange food 
values, and to us seems to make rather complicated confusion out of what is de- 
signed to provide simplification. Should the authors manage in another edition 
to circumvent these dilemmas, the book would be a real contribution and should 
prove useful to diabetic patients. J. E. H. 



PULMONARY EDEMA AND PLEURAL EFFUSION PRO- 
DUCED BY ACUTE ALPHA-NAPHTHYL THIOUREA 
POISONING IN RATS AND DOGS* 

HARRISON LATTAt 

Psychohiological Laboratory and Department of Pathology 
of The Johns Hopkins Medical School 

' INTRODUCTION 

Previous papers showed that phenyl thiourea produces a marked pul- 
monary edema and pleural effusion in domestic Norway rats and kills 
in doses of 1 to 2 mg. per average-sized adult rat (1, 2). Later it was 
reported that alpha-naphthyl thiourea (subsequently referred to as 
ANTU) produces the same effects and has the same high toxicity; 
and that both ANTU and phenyl thiourea produce the same effects on 
recently trapped wild Norway rats (3). A combination of high toxicity 
and high acceptance makes ANTU an effective rodenticide. In addi- 
tion, ANTU provides a means of studying the physiolgical problems 
of pulmonary edema and pleural effusion with relative freedom from 
other factors such as heart failure and pneumonia. 

ANTU is toxic also to dogs, killing in doses of as small as 16 mg./kg. 
intraperitoneally; to mice, killing in doses as low as 50 mg./kg. intra- 
peritoneally; and to domestic pigs, killing in doses as low as 35 mg./kg. 
by mouth (4, 5). It is less toxic to guinea pigs, Alexandrine rats, and 
cats, killing in doses of several hundred milligrams per kilogram; and 
practically nontoxic to rabbits and monkeys, killing only in doses of 
several grams per kilogram. For dogs, pigs, mice, and cats, it appears 
to have the same effect on the lungs as it does in the Norway rat. The 
other animals studied in this laboratory show little or no pulmonary 
edema or pleural effusion. 

The present report gives a detailed account of the changes produced 
by ANTU poisoning in the lungs and pleural cavities of rats and dogs. 

* Started under a contract recommended by the Committee on Medical Re- 
search between the Office of Scientific Research and Development and The Johns 
Hopkins University, and continued under a contract between the Medical Divi- 
sion, Chemical Corps, U. S. Army, and The Johns Hopkins University. 

t Formerly of theDepartment of Pathology, The Johns Hopkins Medical School; 
now First Lieutenant, M.C., at the Army Institute of Pathology, Washington, D. C. 
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MATERIAL 

Rats. The material consists of several sections of both lun^s from 
each of 17 (5 males and 12 females) adult wild Norway rats, which were 
trapped in Baltimore in the fall of 1943. A few days after trapping 
(2-4 days in most instances), ANTU suspended in olive oil was injected 
intraperitoneally in a dosage of 33 mg./kg. Their weights varied from 
256-477 gm. Three of the females were found to be pregnant and one 
postpartum. The rats were killed, by crushing the cervicakspine, at 
intervals from 1 to 22 hours after injection, except for 3 rats, one of 
which died at 17J hours, and the other 2 at 19| hours. The usual sur- 
vival time, after doses of this size, was 16 to 22 hours, as determined 
with several dozen other wild Norway rats. All of the autopsies were 
performed by one person. Sections were taken from the major organs 
and other tissues of interest. The tissues were fixed in Zenker-formalin 
and stained with hematoxylin and eosin. Bacterial stains were made 
on the lungs of the 5 longest-living rats. 

Similar lung sections were prepared from 10 control wild Norway 
rats trapped at about the same time, and also killed by crushing the 
cervical vertebrae. 

A few chemical and microscopic studies on bronchial and pleural 
fluid were made on other ANTU-treated wild Norway rats. 

Ten domestic Norway albino rats were given ANTU by stomach tube 
(300 mg./kg. in olive oil) and killed at intervals from 30 minutes to 6 
hours by fracturing the cervical vertebrae. Sections from both lungs 
and from the mediastinum of each animal were made. 

Dogs. Fifty-three lung slides from 9 dogs, which died in 12-24 hours 
after receiving ANTU intraperitoneally in doses ranging from 15.7 
mg./kg. to 165 mg./kg., were prepared similarly to the rat lungs. 
Bacterial stains were made on 3 of the lungs which showed the largest 
number of polymorphonuclear leukocytes. 

Some of the data came from physiological observations that were 
made by Dr. Cecil Drinker, of the Harvard School of Public Health, on 
the lymph flow from the lungs and heart of one dog. Also included are 
tlie results of an experiment performed by Dr. Richard Bing, of The 
Johns Hopkins Hospital, on the hemodynamic effects produced by 
ANTU poisoning in 2 dogs. 
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RATS 

Gross Appearance of Lungs. The striking finding at autopsy is 
pulmonary edema associated with pleural effusion, both of which are 
quite marked in the animals allowed to live a longer time after the 
injection of ANTU. Rats dying from ANTU poisoning are frequently 
found lying with tlieir nose and mouth in the center of a large pool of 
fluid from the trachea. Opening the thorax discloses a remarkable 
sight. The pleural cavities are filled with a large amount of clear 
fluid which covers the lungs after having produced a partial collapse. 
The pleural surfaces are smooth and glistening. The lungs show an 
intense pulmonary edema, which has filled most of the alveoli with 
fluid. The entire dependent portion of the lungs — that is, the ventral 
half — ^may be completely filled with fluid so that the consistency is 
that of a solid jelly. On being sectioned the lungs exude a clear 
fluid that runs freely from the surfaces. The appearance of the cut 
surface varies from large areas where the air is completely replaced by 
fluid to other places where pink, air-contaming areas are interspersed 
with red, fluid-containing portions. The bronchi and trachea are 
filled with fluid, or, in lesser degrees of pulmonary edema, they may 
contain a white froth. The bronchial and tracheal mucosa is pale, 
and the mediastinal lymph nodes are smaU. 

Table I summarizes the observations made on 17 rats which were 
killed or which died at various intervals from 1 to 22 hours after 
poisonmg. After the first hour, most of the lungs weighed more than 
the normal average (0.87 g. per 100 g. body weight). They showed 
considerable variation from rat to rat. Pleural effusion did not appear 
until the 2nd hour. From then on it increased somewhat irregularly 
until it reached a plateau after the 16th hour. A rat that died at 19| 
hours showed the greatest amoimt of pleural effusion, 6.26 cc.per 100 g. 
body weight. 

Microscopic Appearance of Lungs. The development of pulmonary 
edema can be easily traced, with individual variation, through the 
series of successively killed rats. The last 2 columns in Table I sum- 
marize the results. Perivascular edema appeared in both rats killed at 
the end of 1 hour after poisoning and alveolar edema appeared in 1 of 
the 2 rats killed at this time. The perivascular edema was more 
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marked in rats killed between 4 and 16 hours; the alveolar edema was 
most marked in rats which died or were killed 17 to 22 hours after 
poisoning. The final degree of this extraordinary edema is illustrated 
in Fig. 1, which is taken from a rat that died 17J hours after the in- 
jection of ANTU. Here, the protein-containing edema fluid fills most 

TABLE I 


Observadons on -pulmonary edema and pleural effusion of wild Norway rats 
treated with ANTU 


EAT 

NUUBEB 

SEX 

XnXED 
OB DIED 

TIME 

LONG WT. 
G./lOO G. 
BODY WT.* 

PLEUBAL 
EFFUSION 
(CC.)PEBIOO 
G. BODY WT. 

ALVEOLAE 

EDEMA 

PERIVAS- 

CULAB 

EDEMA 

1 

F 

K 

hrs. 

1 

m 

0 

0 

± 

2 

M 

K 

1 


0 

4-+ 

-t- 

3 

M 

K 

2 


0 

■f 

± 

4 

F (pregnant) 

K 

2 

1.34 

0.10 

± 


5 

F 

K 

4 

1.17 

0.42 

H — h 

+++ 

6 

F 

K 

4 

1.56 

0.45 

H" 

++ 

7 

F 

K 

6 

1.84 

1.11 


4*+ 

8 

F(postpartum) 

K 

6 

1.05 

2.50 

-1- 

++4- 

9 

F(pregnant) 

K 

10 

0.56 

2.92 

++ 

+•+• 

10 

F 

K 

10 

1.40 

3.36 


+++ 

11 

F(pregnant) 

K 

16 

0.87 

5.50 

++ 

-1-++ 

12 

M 

K 

16 

1.00 

0.30 ; 

+ 

± 

13 

F 

D 

m 

1.40 

4.16 

+-|--b 

-i- 

14 

M 

K 

18 

1.17 

1.80 

-f+ 

+-t--b 

15 

F 

D 

19| 

1.19 

6.26 

+-[-+ 

4-+ 

16 

F 

D 

191 

1.84 

3.80 

+-!-+ 

4-4- 

17 

M 

K 

22 

1.61 

1.70 

-1-+ 

4-4- 


0 = none. 

± = trace. 

-f to = degree of prominence. 

’ Average control value = 0.87 g. per 100 g. body weight. 


of the alveoU in the ventral portion of the lung and even extends into 
the bronchi. Some of the alveolar ducts and a few of the alveoli are 
overdistended with air. Distention of the perivascular tissue is 
apparent. For contrast, a normal air-containing lung of a control 
rat is shown in Fig. 2. 

The earUest change seen after poisoning is the distention of the 
perivascular lymphatics at the hilum of the lung with protein-con- 



















Fig. 3. Distended Perivascular Lymphatics (L) and Tissues (T), with Most 
Alveoli Still Air-containing. WN4 (Killed at 2 Hours) X25 

perivascular lymphatics and tissues. With higher magnification 
traces of fluid are just barely visible in some alveoli in this section. 

The final extreme degree of distention of the perivascular lymphatics 
and tissues at the hilum is demonstrated in Fig. 4, from the lung of a 
rat killed at 22 hours. For comparison, the corresponding area at the 
hilum of a control lung is shown in Fig. 5. The large hilar vessel in 
the lower right-hand corner of Fig. 5 corresponds to the large vessel the 
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edge of which is seen in the upper right-hand corner of Fig. 4. Fig. 6 
shows at higher magnification the edema about a medium-sized artery 
and vein in the periphery of the lung of a rat killed at 18 hours. 

When many of the alveoli become fiUed with fluid, the remaining 
air-containing alveoli become overdistended (Fig. 1). The over- 
distention of a few alveoli or alveolar ducts is maintained in spite of 
the compression of the lung as a whole which must result from the 



Fig. 6. Edema about Medium-sized Artery and Vein in Periphery or Lung. 
WN14 (Killed at 18 Hours) XlOO 


large pleural effusion developing along with the pulmonary edema. 
In many areas near the pleura in which a portion of the lung is partly 
filled with fluid and still partly air-containing, most, if not all, of the 
subpleural alveoli are filled with fluid. As might be expected, in the 
3 long-living rats which died from the poisoning alone, the alveolar 
edema is more extensive than in the poisoned and killed animals. 

The lungs of rats poisoned with ANTU do not show any definite 
vascular lesions, hyaline thrombi or hyaline membranes. . 
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No correlation could be made between the state of pregnancy and the 
pulmonary changes. In neither of two fetal lungs were there any 
traces of pulmonary edema, nor did the fetal pleural cavities contain 
fluid. Although 3 males in this series had less pleural effusion than the 
corresponding females, this difference was not consistent in a few other 
animals. No conclusion therefore can be drawn as to sex differences. 

Conlenls of Fluid in Lungs and Pleural Cavities. A protein-rich 
fluid can be seen in lymphatic channels, in the alveoli, and in the 
bronchi. 

Many lymphocytes are found in the relatively normal lungs of 
control wild Norway rats, usually as localized accumulations next to a 
bronchus or a vessel. In the poisoned animals lymphocytes are 
scattered through the edematous perivascular tissues, and they are 
frequently seen in lymphatic channels. 

In the poisoned animals a few pol)nnorphonuclear leukocytes are 
seen in the alveolar fluid along with macrophages containing coal 
pigment. These polymorphonuclear cells are also found in the edem- 
atous perivascular tissues in varying numbers, occasionally being 
quite numerous. They can be found in the lymphatics much less 
frequently than the lymphocytes. In one of the 5 rat lungs stained 
for bacteria many gram-positive cocci were found. Only rare, 
scattered gram-positive cocci were found in the other lungs. 

Erythrocytes have not been found in the edematous perivascular 
tissues or in the lymphatics. A few focal hemorrhages are seen in the 
lungs, not associated with any observed vascular or pulmonary lesion. 
They are interpreted as probable artifacts produced by kiUing or fay 
autopsy trauma. 

The pleural fluid contains protein in relatively high concentration 
(3.6 to 3.7 g./lOO cc. in 4 wild Norway rats, whose final plasma protein 
concentration varied from 4.6 to 5.0 g./lOO cc.). It contains enough 
fibrin to form a soft clot when removed from animals soon after death. 
The leukocytes in the pleural fluid of 5 rats varied from 360 to 
1400/mm®. Most of the cells were mononuclear, but a rare polymor- 
phonuclear leukocyte was seen. A fewery throcy tes were seen also, but 
the possibility of contamination in removal could not be excluded. 

Mediastinal Edema. To determine the relationship between the 
development of pulmonary edema and mediastinal edema, 10 domestic 



190 


HARRISON LATTA 


Norway albino rats were used. Pleural effusion first appeared at 4 
hours. Microscopic sections from the lungs and mediastinum of each 
rat show that the edema developed more rapidly in the lung than in the 
mediastinum. In a rat killed at 30 minutes, when only distended 
lymphatics could be found in the mediastinum, the lungs showed 
widespread distention of the perivascular lymphatics and tissues with 
fluid, and an early diffuse alveolar edema. In the 2 animals killed at 
6 hours there were relatively large pleural effusions with moderate 
alveolar edema. The perivascular tissues were quite distended and the 
mediastinal tissues were edematous. 

Incidental Disease. It must be emphasized that the 17 wild rats used 
in this study came directly from the streets and cellars with their 
naturally occurring diseases. Six of the rats had an acute or chronic 
pulmonary inflammatory disease, but this did not noticeably affect 
the development of the edema due to ANTU. The diseased areas 
were localized, and the edema in the rest of the lungs was quite similar 
to the edema in animals with no other pulmonary disease. Nine of 
the animals had a helminth infestation in the liver. One had an 
acute pyelonephritis. Only 5 had no incidental disease in a major 
organ. The 10 control rats were similarly diseased. 

Other Organs. Changes in organs other than the lung, particularly 
in the liver, adrenals, spleen and l3Tnph nodes are observed in wild 
rats, but their interpretation is obscured because of the incidental 
diseases and the variable conditions of the wild rats’ life. 

DOGS 

Gross Appearatice of Lungs. In the dogs, the pleural effusion and 
pulmonary edema were usually not as marked as in the rats, probably 
because the dogs received relatively larger doses and so died before the 
effects could become as marked as in the longer-surviving rats. In 
this larger animal, however, perivascular edema may be easily visible 
in the gross, forming rings as much as 5 mm. in thickness around the 
medium-sized vessels. 

Microscopic Appearance of Lungs. The dog lungs show a pulmonary 
edema of moderate to marked degree which is quite similar to that 
found in rats. The concentration of protein in the fluid where it 
only partially fills an alveolus is much greater in the dog than in the 
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rat. In the dog it progresses to the extent of hyaline membrane for- 
mation. In those areas of the lung which are more markedly involved, 
the alveoli are filled with a fluid containing a few cells, in varying pro- 
portions — macrophages, lymphocytes, and polymorphonuclear leuko- 
cytes. The few cells seen in the bronchial fluid are mostly mono- 
nuclear. The perivascular l3TOphatics and tissues are tremendously 
distended with fluid. The lymphatics of the visceral pleura are dis- 
tended and there are some localized areas in which the pleural tissues 
are greatly edematous. This is shown in Fig. 7, which is from a dog 



Fig. 7. Edema of the Visceral Pleura. Dog 17 (Died at 9 Hours) x75 

which died 9 hours after intrapcritoneal injection. Another dog, 
killed 2.V hours after receiving .-VXTU, showed an early edema. 

Most of the dog lungs have a few foci of acute or chronic inflamma- 
tion. There are a ver}' few hemorrhages, either associated with a 
focal inflammator}’ lesion, or with probable trauma. Such hemor- 
rhages varied in number and size and are considered incidental to 
the AXTU eficcts. Three dogs had a moderate number of poly- 
morphonuclear leukoci’tes scattered through the alveoli. Only rare 
gram-positive cocci were found in the bacterial stains on the three 
lungs. Xo hi'aline thrombi are found in the large or small vessels. 
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Lymph Flow Experiment. The right lymphatic duct of a dog was 
cannulated by Dr. Drinker in his usual manner. The conditions and 
precautions necessary in this difficult technical procedure are discussed 
in his monograph (6, pp. 11-14). Under these conditions, with 
reasonably constant cardiac activity, variations in lymph flow are 
produced by pulmonary changes. The dog was injected intravenously 
with 20 mg. of ANTU per kilogram of body weight. The results are 
described by Dr. Drinker in his monograph (6, pp. 39-43). Because 
of wartime security regulations he did not state that ANTU was the 
thiourea derivative used. 

Within the first hour after the injection of ANTU a definite increase 
in lymph flow was found. The amount of lymph collected increased 
fairly rapidly for the first 7 hours and even more rapidly thereafter. 
A final value of 12.6 grams of l3rmph per 15-minute interval was at- 
tained at the end over 8 hours later, compared to 0.4 grams before 
the administration of ANTU. Anoxia and the terminal increase in 
respiratory activity are probable factors in the terminal acceleration, 
but even without this the increased rate of lymph flow is remarkable. 
Dr. Drinker gives a vivid description of the extreme pulmonary edema 
and the extraordinary distention of the perivascular tissues and lym- 
phatic-draining trunks. He concludes that as the lymphatics become 
unable to remove the deluge of fluid coming from the capillaries, the 
excess floods out into the alveoli, producing death by asphyxia. 

Hemodynamic EJfects. In order to evaluate the role of possible 
cardiac changes in the production of the pulmonary edema, the hemo- 
dynamic changes in 2 unanesthetized dogs poisoned with ANTU were 
observed by Dr. Bing (7). 

The observations were similar in both dogs, but they were more de- 
tailed in the case of one dog. This dog was placed on the operating 
table, where it remained during the half hour required for each set of 
readings. Between observations the dog was allowed to walk around 
the laboratory or lie down as it desired. No food or water was given 
the day of the e.xperiment. Control readings were made on the pre- 
ceding night. 

The cardiac output was determined by direct Tick. A catheter was 
introduced into the right ventricle or auricle via the external jugular 
vein and its position checked by fluoroscopy. Samples of arterial blood 
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were taken from the femoral artery, while mixed- venous blood w’as 
obtained through the catheter from the right ventricle. All blood 
samples were taken under oil and analyzed in the Van Slyke apparatus. 
The oxygen consumption was measured by means of the closed 
circuit method. A Blalock mask (8) was used to connect the dog’s 


BtyOOlfWtMie CHAweM PBOOUCEO BY AWTU POI50MIW0 
cciiA icitmn 



Fig. 8. Hemodynamic Changes Produced by ANTU Poiso.ning 


head with the metabolism machine. Arterial blood pressures were 
optically recorded with the Hamilton manometer (9); right auricular 
pressures were obtained with a saline manometer. The peripheral 
resistance was calculated according to the formula of Aperia (10). 

Obser\'ations were made before and after the injection of ANTU 
intraperitoneally (33 mg./kg.), and arc represented graphically in 
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Fig. 8. Dr. Bing found a fall in peripheral venous pressure and a 
decrease in right intra-auricular pressure. According to him the de- 
crease in these pressures was probably due to a decrease in circulating 
- blood volume, as was indicated by a rise in the hematocrit (from 41.6 
to 49.5), which was observed here as well as in other dogs and in rats. 
This animal received saline through the intracardiac catheter in order 
to prevent clotting in its lumen, and as a consequence the hematocrit 
did not rise as much as in animals which did not receive saline. It 
seemed possible that the decrease in venous return produced a fall 
in the minute volume of the heart, which at first was compensated by 
a rise in peripheral resistance. Towards the end of the experiment, 
however, the peripheral resistance and, with it, the mean arterial 
pressure declined. Other data are shown in Fig. 8. These cardio- 
vascular changes seem to be due mostly, if not entirely, to fluid loss 
from the blood. 


DISCUSSION 

Pulmonary Edema. Although the evidence of pulmonary edema 
may develop early, being present and widespread in an hour in rats, the 
rats and dogs show little respiratory difficulty until 2 or 3 hours before 
they die, usually 12 to 24 hours later with the doses used. At death 
the pulmonary edema and compression by pleural fluid are extensive 
enough to indicate that anoxemia probably is a major factor in causing 
death. 

From Dr. Drinker’s experiment described above it seems evident 
that the pulmonary l 3 Tnphatics become unable to drain the deluge of 
fluid which pours out of the alveolar capillaries and that the alveoli, 
bronchi, and pleural cavities fill with the excess fluid. 

Dr. Bing’s experimental results presented above are interpreted as 
indicating that the cardiovascular changes are secondary to the fluid 
loss in the lungs and pleural cavities. If the pulmonary edema had 
been caused by backward failure of the left ventricle, the right ventric- 
ular and eventually the right auricular pressures should have in- 
creased, owing to increased resistance to right ventricular output. 
No changes are seen microscopically in the myocardium. Further- 
more, Drinker states (6, p. 44) that “increased pressure in the pul- 
monary capillaries does not readily cause recognizable pulmonary 
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edema unless coupled %vith heightened permeability, most frequently 
due to anoxia.” 

The edema fluid then is probably produced by an increased pul- 
monary capiflary permeability. An interesting analogy is the striking 
localized edema of the head and neck of rabbits produced byparaphen- 
ylencdiamine (11). Other factors and mechanisms involved in the 
production of pulmonary edema arc discussed in a review byHenneman 
( 12 ). 

Pleural Effusion. Fluid is found in the pleural cavities after edema 
fluid appears in the lungs. This is shown in the series of 17 wild 
Nonvay rats and 10 domestic Norway rats described above. 

The protein content of the pleural effusion produced by ANTU is 
about of the same magnitude as that of the organ l 3 miph from dogs and 
other animals as listed by Drinker and Yoffey (Tables 18 and 20, 13), 
most of their values ranging from 2.8 to 5.3 rag. per cent. The few 
figures we have on rats (see above) indicate that the protein content 
of the pleural effusion produced by ANTU is somewhat less than that 
of the blood. Drinker (6) found in the dog mentioned above that the 
protein concentrations in the lung lymph, in the fluid from the trachea, 
and in the pleural fluid were identical. Another observation of his, of 
interest with regard to the permeability of the pulmonary capillaries, 
was that the lung lymph protein concentration remained almost the 
same before and during the entire experiment. The fibrinogen content 
of tlie pleural effusion is high enough to produce clotting, which occurs 
within a few minutes after the thoracic cavity is opened. In this it 
resembles pericardial and peritoneal fluid from normal healthy ani- 
mals, which almost always clots (14). In summary, it would seem 
that the protein content of the pleural effusion is quantitatively similar 
to that of the l)rmph. 

The figures above show that the cellular content of the effusion fluid 
is low, as is usual in noninfccted serous fluids (15). In 2 rats (which 
died after 8 and 12 hours respectively) it was the same as the cell 
content of tlie bronchial fluid, within the limits of accuracy of the 
count (360 and 398 cells/mm’ and 560 and 580 ceUs/mra’ respectively). 
Polymorphonuclear cells were rarely seen among the lymphocytes and 
larger mononuclear cells. This corresponds with relatively normal 
lymph in which lymphocytes usually account for 95 per cent or more 
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of the cells present (13). Since some pol 3 miorphonuclear cells may be 
seen in the lungs of many of the animals, it may be wondered why they 
were not found in the effusion fluid of these two rats in larger numbers. 
The relatively early death of these rats may be the explanation. 

CONCLUSIONS 

Alpha-naphthyl thiourea produces a great increase in the permeabil- 
ity of the capillaries of the lungs of rats and dogs. The escaping 
fluid first fills the perivascular lymphatics and perivascular tissues and 
then later it fills the alveoli and a large part of the thoracic cavity. No 
other parts of the body show any edema. There is no ascites. The 
drug appears to have a selective effect on the capillaries in the lungs 
which produces a great flow of l 3 nmph from the lungs. This flow does 
not suffice, however, to prevent the filling of all the lung spaces and 
tissues. The fluid in the lungs and pleural cavities have similar 
protein and cellular contents, approximating the founts present in 
blood serum. The capillaries show no actual damage and all of the 
effects are reversible. The pulmonary edema and pleural effusion, 
in addition to other factors, may result in death. 
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PENILE ULCER CAUSED BY MICROCOCCUS 
TETRAGENUS 

BERNARD D. PINCK, M.D., and BERTRAM ZHEUTLIN, M.D. 

Since the discovery of Micrococcus tetragenus in 1881 by Koch and 
Gaffky, less than 200 cases of infection directly referable to this 
organism have been recorded. Although the paucity of reports in 
American literature suggests that such a disease occurs infrequently, 
Reimann believes that it is probably quite common, but is often dis- 
regarded or unrecognized in this country. 

Micrococcus tetragenus, at first regarded as an innocuous sapro- 
phyte, was reported as a pathogenic organism in 1886 by Jakowski, and 
subsequent reports by Mya and Trambusti and Viquerat confirmed 
this finding. It is a gram-positive coccus frequently associated with 
other organisms in sputum, especially with the tubercle bacillus and 
Pfeiffer’s bacillus. Smears from sputum or pus show large cocci 
arranged in pairs and fours, and surrounded by a broad capsule. In 
cultures the capsule is often absent. The colonies, which grow rather 
slowly, are white, are slightly smaller than those of staphylococci, 
and are quite viscid. The organism does not liquefy gelatin but it 
produces acid in glucose, lactose, saccharose, and mannite. Milk 
used as a culture medium becomes slightly acidified, and it usually 
is coagulated in from one to three days, but the coagulum is not 
digested. 

The organism is ordinarily not virulent, and the infection follows 
a predisposing condition which reduces the resistance of the host and 
fosters the invasive quality of the organism. Sore throat, respiratory 
tract infection, anemia, abscesses, and urinary tract infection are 
reported to be the commonest predisposing factors. Micrococcus 
tetragenus infections have been observed also following typhoid fever, 
streptococcal septicemia, and brucelliasis. The infection ordinarily 
occurs in young adults. 

The disease begins abruptly and the severity of its course is variable. 
There are chills, remittent fever, mild to moderate leukocytosis, and 
occasionally, splenomegaly. Approximately 25 fatal cases of septice- 
mia have been recorded. The infection may become localized in vari- 
ous parts of the body, usually causing pneumonia, arthritis, empyema, 
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meningitis, and endocarditis. The occurrence of perinephric abscess 
lias been recorded I>y Veasc and of pyosalpinx liy Wollgrcen. Rcimann 
rcjiortcd prostatitis during septicemia and cultivated ISIicrococcus 
tetragenus from an urethral c.xudalc. No previous description of 
genital ulcerative lesion has been discovered. A case of penile ulcer 
caused by Micrococcus tetragenus is reported here. 



Fto. 1 . Pr-sriLE Ulcer Cavseo nv Micrococccs Tetracesus 


REPORT OF .A CASE 

The patient, a white profcs.'^ional .cohlicr, aged 29, was admitted to the One 
Hundred and Twenty-First General Hospital on May 2.\ 1946 complaining of pain 
at the end of the penis of three days duration. 

The family histoiy was nnn-contrihutor>'. 

The patient's past histon,' revealed that the patient had had gonorrhea in 194.4 
treated with penicillin, without recurrence or reinfection. He denied syphilis by 
name, symptom, and treatment. There were never any complaints referable to the 
penitourinarj- system previous to the present illness, and the rest of the past history 
nas non-contributory. 

Three days prior to his admission to the ho-pit.al, the patient a>serted that he 
fcil onto the tailboard of a truck, striking his penb arniinst a heavy chain. There 
was momeniaiy pain which subsided in a few minutes. On the d.ay of admis-ion 
to the hospital the luad of the [lenis began to swell anti urination was tiifhailt. 
The symptoms persistevl and raphily l.iecamc more distrescir.g; the initiation of 
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micturition was delayed, and obstruction seemed to be apparent at the meatus. 
With urination, possible only by straining, there seemed to be increasing swelling of 
the ventral section of the glans and frenum. On further questioning the patient 
admitted having practiced fellatio about twenty days before the onset of the lesion. 

The physical examination revealed a well developed, well nourished white male 
who appeared moderately anxious about his condition. His skin, head, neck, 
abdomen, glandular, respiratory, and cardiovascular systems revealed no signifi- 
cant abnormalities. Main interest focused on the genitourinary system. There 
was swelling of the entire glans penis, most marked on the ventral side. At the 
end of the meatus was an encrusted ulceration which had no induration or dis- 
charge. There was no periurethral induration. The scrotal contents were nor- 
mal. The prostate was normal in size, smooth, regular, and compressible. 

Laboratory study at the time of admission showed that the red and white blood 
counts were within normal limits. The urine was clear, straw colored, and con- 
tained no albumin, sugar, red or white blood cells, or casts. The Kahn test was 
doubtful throughout the entire hospital stay with no significant change in titre, and 
repeated darkfield illuminations did not reveal the presence of Treponema pal- 
lidum. Culture and smears of the lesion were negative for gonococci, diptheria 
bacilli and the only organism grown on culture taken from the surface of the lesion 
was Staphylococcus albus. The intravenous pyelogram and the urine culture re- 
vealed no significant abnormalities. 

Continuous soaks of various sorts were used, but no improvement was noted. 
The lesion increased in size and depth until on the fourteenth hospital day, it 
extended halfway across the glans. The eschar, which was becoming thicker and 
harder, was now black and had rounded, well defined edges, and the meatal lips 
seemed almost occluded. On the fifteenth hospital day the patient was given 
16 mg. of morphine and the crust was manually broken. The lesion then revealed 
greater depth than was at first suspected. The entire distal portion of the glans 
was gangrenous. There was a foul smelling, purulent discharge and the eschar 
clung to the devitalized shreds of the glans. Smears and cultures were immediately 
taken from the purulent e.xudate beneath the eschar. The smear showed encapsu- 
lated gram-positive cocci in pairs and tetrads. No other organisms were seen in 
the smears. The anaerobic cultures produced a pure growth of organisms identi- 
fied as Micrococcus tetragenus b}' the standards set forth above. Aerobically a 
few colonies of Staphylococcus albus were noted. 

The sixteenth day of hospitalization the gangrenous distal portion of the glans 
sloughed away completely, revealing the base of the lesion covered with a milky 
gray, foul smelling, purulent discharge. Smears and cultures again showed a 
growth of organisms identified as Micrococcus tetragenus. The histologic ex- 
amination of the gangrenous portion of the glans revealed large collections of 
leukocj'tcs with polymorphonuclear leukocytes predominating, while the main 
portion of the microscopic section consisted of granulation tissue at various stages 
of organization. Under oO the section showed numerous organisms morpholog- 
ically resembling Micrococcus tetragenus. 

An indwelling catheter was inserted and therapy with zinc peroxide was begun. 
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Two days after the first application of zinc peroxide the lesion was washed with 
azochloramidc and smears and cultures were taken from the base of the lesion. 
The cultures still showed a pure growth of Micrococcus tetragenus. Two more 
applications of zinc peroxide were made, each one being washed off with azochlor- 
amidc after forty-eight hours. After the third and last application of zinc peroxide 
was removed with axochloramide, the lesion showed remarkable improvement. It 
had a pink base with speckled areas of gray exudate. Smears and cultures became 
negative after tlic third application of zinc peroxide. Treatment with sulfadiazine 
and intramuscular injection of penicillin was then begun and the indwelling catheter 
was retained. On the twenty-fourth hospital day, the lesion showed a clear red 
base with the first evidence of cpithelialization from the edges. 

The lesion improved uneventfully from then on, and on the thirty-sixth hospital 
day, after considerable epithelium had formed, the catheter was removed. Seven 
days later the lesion had completely healed without constriction of the meatus and 
the patient was discharged from the hospital. About one tenth of the glans was 
lost, but a three month follow up of the patient disclosed that there had been com- 
plete recovery of normal urinarj' and sexual function. 

SUMMARY 

i^Itcrococcus tetragenus infections are probably of more common 
occurrence Ilian is generally recognized. The organism is of low viru- 
lence and infection follows ordinarily a predisposing disease which 
reduces the resistance of the host. A case of gangrenous penile ulcer 
caused by I^Iicrococcus tetragenus is reported. 
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PROCEEDINGS OF THE MEETINGS OF THE 
JOHNS HOPKINS MEDICAL SOCIETY 

Held in Hurd Memorial Hall, November 11, 1946 

The Strain Isolation and Serologic Studies of Influenza in Baltimore. 
Dr. Thomas G. Ward (Department of Medicine). 

Dr. Ward’s report will be published in a forthcoming issue of the Bulletin. 

DISCUSSION 

Dr. A. M. Fisher: It would be interesting to know how long immunity lasts in patients 
who have had influenza and have developed protective antibodies against the disease. I 
have heard that it does not last as long after a natural infection as after vaccination. I 
wonder if that has been confirmed or if any of the patients have been tested after six months 
or a year for protective antibodies. 

Dr. Ward: So far as I am aware there are no adequate studies to cover Dr. Fisher’s 
question. Dr. Francis, at Michigan, feels that individuals who have been vaccinated as 
long as a year are still more immune than unvaccinated persons, or at least the former 
group has a lower attack rate for influenza. 

Hemagglutination inhibition antibodies against both influenza “A” and “B” are present 
in practically all adult sera, some in fairly high titer, 512 to 1024 final dilution of the sera. 
These seem to have no effect on prevention of the disease in man, as sera collected in the 
early days of disease in cases of influenza will show these antibodies. 

These antibodies may be natural in occurrence or may be the result of previous expo- 
sure to “A” and “B” influenza virus. 

The point is excellent and we hope to make certain observations along this line during 
the next epidemic. 

The Etiological Problem Presented by Calcified Chest Lesiofis in the 
Presence of Negative Tuberculin Reactions. Dr. Janet Hardy 
(Department of Pediatrics). 

Evidence has been accumulating to suggest strongly that calcified lesions seen on 
roentgenograms of individuals reacting negatively to relatively large doses of tuberculin 
may be of non-tuberculous etiology. The frequency of such calcified lesions has been 
demonstrated to have a very definite geographical distribution with an area of high preva- 
lence in the Mississippi basin and tbe eastern slope of the Appalachian plateau. 

Studies done by Christie and Peterson in Tennessee, and by Palmer on student nurses 
all over the United States, show a strong correlation between sensitivity to histoplasmin 
and calcified pulmonary lesions, suggesting that infection with histoplasma or some anti- 
genically related organism is the etiological agent. Sayers and Merriwether suggested 
that Asperpllis niger is the infecting organism responsible for miliary pulmonary lesions 
beaUng with calcification. Aronson and Cox have both shown the relationship between 
infection with coccidioidomycosis and calcified lung lesions. 
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In the present study,' a group of 312 patients now between IS and 30 years of age, and 
followed an average of 12.6 years since a primary tuberculous infection, has been retested 
intradennally with tuberculin and examined by roentgenograms of the chest in an effort 
to determine whether tuberculosis may be an etiological agent in the calcified chest lesions 
of negative reactors to tuberculin. It was fotmd that of the 59 individuals having severe 
childhood infections, all are still hypersensitive to tuberculin a minimum of ten years after 
their tuberculous infection was first recognized. Of the 171 patients having mediastinal 
tuberculosis during childhood, only 2% fail to react to 1 milligram of tuberculin, and of the 
82 patients who had a positive reaction to tuberculin but no x-ray evidence of pulmonary 
involvement 6% are now insensitive to 1.0 milligram of tuberculin. The rate of positive 
tuberculin tests in the commimity is not definitely known, but in a high school in a most 
congested area among the colored race it is only about 40%, and among the student nurses 
in their preclinical training, it is only about 15%. From these data it is concluded that 
hypersensitivity is in general retained following a primary tuberculous infection and that 
some other etiolo^cal agent is responsible for the high incidence of calcified chest lesions 
seen in tuberculin-negative individuals in the areas of high prevalence of this finding. 

The Physiology of the Prostate Gland. Dr, William W. Scott (De- 
partment of Urology). 

As an introduction to the subject, the principal methods of investigating prostatic func- 
tion were enumerated, stressing particularly the information gained by a study of prostatic 
secretion in the dog. Illustrations were presented to show the dependence of the prostate 
and its secretion on androgens, castration abolishing prostatic secretion and injected andro- 
gens restoring it. Identical effects of those produced by castration were shown to be 
induced when estrogens were injected. Starvation effects on prostatic secretion were 
shown to be due, to pituitary failure. A review of the known chemical constituents of the 
prostate gland and its secretion was presented including the important enzymes, acid 
phosphatase and fibrinolysin. The in vitro acUon of human prostatic slices on estrogens 
was discussed briefly. From these studies it was concluded that normal prostatic slices 
do not cause a net decrease or increase of the estrogenic activity of added estrogen, nor do 
estrogens have any effect on the rate of respiration of the slices. 

DISCUSSION 

Dr. J. A. C. Colston: Dr. Scott’s presentation has certainly been most comprehensive 
and I think everyone will agree that it has brought us up to date in regard to our present 
knowledge of the physiology of the prostate gland. The problems which present them- 
selves are numerous and pertain not only to the field of physiology but to chemistry and 
pathology and particularly to endocrinology. I am very much afraid, however, that you 
all would agree with me with my background — or perhaps, let us say, my lack of back- 
ground — of experimental laboratory w'ork that it would be hazardous if I should try to 
enter into any detailed discussion of these problems or their solution. I only hope that the 
rest of the members here have the satisfaction that I and the other members of the Brady 
staff have in the knowledge that our laboratories are reopening and I have every hope that 

' Hardy, J. B., Persistence of H)Tjersensitivity to Old Tuberculins following Primary 
Tuberculosis in Childhood. Amer. J. of Pub. Health, 36, 1417 (Dec. 12, 1946). 
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with the work that has been undertaken, some definite light will be thrown on some of 
these blind spots that Dr. Scott has indicated. 

Dr. J. E. Howard: Dr. Scott’s interesting graph showing what happens to the starving 
dog brings up this possibility. Supposing you found a fat fellow with a little carcinoma of 
the prostate, you might figure on castration at least for a few months by giving him the 
starvation treatment. A second thought is that you might effect that gonadal atrophy 
equally well by x-ray of the pituitary, because the end result would probably be the same 
as with castration. Lastly, what light do the physiological studies throw on a possible 
hormonal cause for the prostatic hypertrophy which comes on with advancing years. 

Dr. Scott: In answer to Dr. Howard, may I say that it would be of great interest to see 
the effect of a period of starvation on prostatic cancer in a fat man. To my knowledge, 
pituitary irradiation has not been carried out in cases of metastatic prostatic cancer. 
Theoretically it should work, if androgen is responsible for the growth of tumor. I am not 
sure that it is. Castration may remove carcinogen; estrogen may neutralize a carcinogen. 
This carcinogen may not be an androgen. 

With regard to benign prostatic hypertrophy, there is an effect of castration or estrogen 
administration on these glands. However, it is impossible in the majority of instances to 
wait the period of 90, 120 or 150 days to observe an effect. When a man presents himself 
with benign prostatic hypertrophy with acute retention of urine, it is an emergency and 
must he treated as such by appropriate surgical procedures. I do believe that further 
studies along the lines presented this evening wUl clarify the situation and I do believe, 
though I hesitate to say at this time, that some day benign prostatic hypertrophy wUl be a 
medical problem. 

Dr. M. M. Ravitch: Dr. Scott, is the prostate the source of the fibrinolysin which pro- 
duces the liquefaction in the blood after sudden death? If so, is this due to an agonal 
secretion of prostatic fluid? Would prostatectomy inhibit this activity in people or possi- 
bly animals? 

Dr. Scott: Dr. Ravitch, I am unable to answer your question. It does seem clear that 
the source of the fibrinolysin is the prostate and not the seminal vesicles. 

Dr. Evelyn Howard: I think the antagonism between estrogen and androgen is interesting 
and significant. There has been some difficulty in detecting such antagonism, for example 
in the earlier work on embryonic differentiation of the reproductive tract, but studies are 
beginning to make sense in this direction. I would like to ask how this fits in with the 
effects of estrogens on prostatic hypertrophy. Could you go into that? 

Dr. Scott: Personally, I think that benign prostatic hypertropy is a tumor and not an 
overgrowth of the normal prostate; but there is evidence that benign prostatic hypertrophy 
is an overgrowth and is sensitive to androgen withdrawal. Androgen withdrawal can he 
accomplished by castration or its effect nullified by estrogen administration. 

Guest: I would like to know if anything is known about the mechanism by which andro- 
gen and estrogen inhibit one another. 

Dr. Scott: I know of no answer to that. I would like to know the answer myself and 
think perhaps through the study of prostatic tissue slices and slices of other secondary sex 
glands that we may in time learn the answer to this question; these are simply results of 
the experiments described, and tell us nothing of the mechanism. It is difficult for me to 
see from the basis of these experiments just what the mechanism is. I can not explain it 
through the pituitary. I think perhaps it is a direct effect but what that mechanism is I 
cannot say. 

Dr. J. E. Howard: Well, Dr. Scott, if it is a direct effect, certain cells reflect that direct 
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opposition in a considerably different manner, because the ratio of antagonism as related 
to vaginal epithelium is quite different, in our opinion at least, from what you showed in 
the relative ratios in your prostatic tissues in which I know there is no direct effect. What 
was your ratio? 

Dr. Scott: About 20 to 1. 

Dr. J. E. Howard; Certainly there is no antagonistic effect of estrogen on nitrogen or 
potassium retention. 

Dr. Scott: We do not know what the castration effect is on nitrogen retention in the 
patient with prostatic cancer. 
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The Anatomy of the Bronchial Tree. By R. C. Brock. Ulus. 96 pp. $12.00 
Oxford University Press, New York, New York, 1946. 

Advances in anatomy were originally largely the work of surgeons, yielded for a 
time to the professional anatomists, and are once more chiefly the result of the 
work of surgeons. 

The present work, by a well-known English thoracic surgeon, is infinitely more 
complete — and perhaps more accurate than the treatment of the subject in any 
anatomy text. It is certainly more lucid and readable than some anatomical 
studies on the same subject by anatomists presented for surgeons. The system of 
bronchial nomenclature is both reasonable and simple. The book is well illustrated 
with x-rays, bronchograms, photographs of metal bronchial casts, colored plates of 
the projections of the bronchial segments, photographs of dissection, etc. 

Perhaps the chief fault is that the work is done entirely from the viewpoint of 
the surgeon attempting to localize a lung abscess, and too little from the standpoint 
of the surgeon planning pulmonary resection, for whatever cause. 

Nevertheless, this is an invaluable source book for those interested in the locali- 
zation of pulmonary disease. 

M.M.R. 

The Centennial of Surgical A nacsthesia. Compiled by J ohn F. F ulton and Made- 
line E. Stanton. 102 pp. $4.00. Hairy Schuman, New York, New York, 
1946. 

In this year of the centennial of surgical anesthesia, the Yale historical library 
has published an annotated catalogue of surgical anesthesia compiled by John F. 
Fulton and Madeline E. Stanton. To those interested in the early history of anes- 
thesia this bibliography will be most welcome. The short biographic sketches to- 
gether with the annotations enhance the value of this brochure not a little, and 
possibly will extend its appeal beyond the domain of the bibliophile. 

M.H.H. 

The Challenge of Polio. By Roland H. Berg. 208 pp. $2.50. The Dial Press, 
New York, New York, 1946. 

This small book was written primarily to inform the many people who have given 
dimes to the National Foundation for Infantile Paralysis, of what was being done 
with their money. It makes no pretense of being other than a popular account, 
pitched at about the level of the newspapers and digest magazines. The style, 
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which is the current rather breathless journalistic variety, and the continuous effort 
to dramatize the subject will doubtless not bother most readers but may discourage 
those with serious scientific interests. It is an ambitious task to critically evaluate 
the large amount of material represented by the research done with National Foun- 
dation support but Mr. Berg teUs a story which, for the most part, is adequate. 
Unfortunately, the book does not seem to have any well defined plan; chapters 
skip from portals of entry of virus to vaccination and back to portals again. The 
last chapter, however, which is the best, summarizes the subject quite adequately. 

There are, as might be expected, numerous inaccuracies, many of which could 
have been corrected by consultation with the persons whose work is quoted. For 
example, at one point the failure to distinguish monkeys from chimpanzees implies 
an inability to appreciate the large role which host differences have played in experi- 
mental work with this disease. In two other places the totally erroneous picture 
of monkeys “hauling themselves painfully about their cages whimpering like sick 
children” will doubtless give comfort to the antivivisectionists who are constantly 
looking for cause to attack medicine. (For the record — paralysed monkeys give 
no evidence of being in pain and certainly do not whimper.) But things of this 
sort will not prevent the non-technical readers of the book from gaining much use- 
ful information from it. 

H.A.H. 


Clinical Hematology. By Maxwell M. Winteobe. 2 Ed. Ulus. 862 pp. $11.00 
Lea and Febigcr, Philadelphia, Pennsylvania, 1946. 

The second edition of this excellent monograph on Hematology has been greatly 
modified and enlarged with the addition of many new illustrations. Recent ad- 
vances in the field have been covered including the structure and use of folic acid, 
new data on the Rh factor and its relation to hemolytic transfusion reactions, and 
the effect of the nitrogen mustards on cellular mechanisms. A very worthwhile 
chapter on the metabolism of the erythrocyte has been added. 

The author has done an excellent job of assembling the enormous amount of 
material in this field in a comprehensive manner while at the same time maintaining 
a thoroughly practical vie^vpoint. As a result this volume is valuable to the special- 
ist as well as to the student and the average practitioner. Especially helpful are 
the cross references by page number in each chapter to related material in other 
sections of the book. 

A.M.H. 


Development Anatomy. A Textbook and Laboratory Manual of Embryology. By 
Leslie Beainerd Aeey. Sth Ed, Ulus, 616 pp. $7.00. W. B. Saunders, 
Philadelphia, Pennsylvania, 1946. 

It would be difficult to find a more systematic, comprehensive, and lucid account 
of general vertebrate embiyology than that offered by Arey in this latest edition of 
his widely known textbook. As before, the book is divided into three main sec- 
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tions: (1) general development, (2) special development (organogenesis), and (3) a 
laboratory manual for the study of chick and pig embryos. Emphasis throughout 
Parts I and II is placed on human embryology and strengthened by comparisons 
with other vertebrate groups. 

Subjects treated in Part I include the origin, discharge, and union of sex cells, 
cleavage and gastrulation, fetal membranes of vertebrates, human embryos and 
their membranes, and human placentation. The new stress on human develop- 
ment has been made possible by the discovery and study in recent years of very 
early human embryos. In addition to altering the organization and content of 
these topics, the author now presents two entirely new and, on the whole, well- 
considered chapters summarizing the hormonal control of reproductive cycles and 
the fundamental concepts and problems of experimental embryology. The previ- 
ously lengthy chapter on teratology has been drastically reduced to a few pages 
which, along with a short section on twinning and duplication, are now included 
under experimental embryology. Also discussed in this same chapter are the in- 
terpretations of early stages, the concepts of potency, embryonic induction, and 
gradients, and the role of genetic, hormonal, and nervous influences in vertebrate 
development. 

Changes in Parts II and III are restricted largely to corrections and additions 
made necessary by discoveries during the last six years. The organogenesis of each 
system of the body is discussed separately and in detail. At the end of each section 
appears a brief comment on the anomalies which arise as a result of faulty develop- 
ment. 

Like the preceding edition, this book is handsomely printed and well written. 
Its information is authoritative and its format admirably suited to both straight 
reading and reference work. Individual topics are easily located because the sub- 
ject matter is divided into logical units, the names of structures are italicized, and 
the book is very well indexed. A total of 588 excellent text figures, several of them 
in color, make structural relationships more clear. For readers interested in pur- 
suing certain subjects further or in following up the new and controversial inter- 
pretations discussed in the test, there is at the end of each chapter a list of references 
which, for the most part, cover the essential literature very adequately. All fea- 
tures combine to make a book which would be a valuable asset to any medical 
library. 

F.E.W. 

Disorders of the Blood. By Lionel E. H. Whitby and C. J. C. Britton. Sth 
Ed. Illus. 665 pp. $10.00. The Blakiston Company, Philadelphia, Penn- 
sylvania, 1946. 

Although there are several outstanding and exhaustive general works in hema- 
tology this is an excellent and worthy addition to them. It is clearly and concisely 
written. 

In general the opinions offered are the most commonly accepted ones. However, 
the authors do not discuss in any detail and frequently do not mention contradictory 
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observations to certain statements they make. This is illustrated by the opinion 
that there is no real difference in the fragility of reticulocytes and more mature 
erythrocytes. Actually, there is much disagreement on this point. The state- 
ment that paroxysmal (cold) hemoglobinuria is due to a peculiar cold agglutinin is 
of interest for the in vitro hemolysis of this system will occur without agglutina- 
tion. Furthermore, the cold agglutinin and hemolysin are apparently separate 
antibodies. The implication that marmite is effective in macrocytic anemias be- 
cause of the extrinsic factor it contains is debatable in light of the present 
knowledge of “folic acid.” 

The only striking omissions are those of discussion of the more recent obser- 
vations relative to the pathogenesis and therapy of pernicious anemia; the concepts 
of “hypersplenism” ; anti-hemophilic fractions of plasma; and much work on iron 
metabolism. 

The chapter on routine techniques is excellent. 

The bibliographies are relatively short but quite adequate for further casual 
study. 

Of great assistance to the reader is the careful cross index by page numbers 
found scattered through the text at pertinent points. This simplifies quick refer- 
ence and eliminates repetition. 

P.F.W. 

Edinburgh PosUGraditaU Lectures in Medicine. Vol. III. Published for the Hony- 
man Gillespie Trust. 587 pp. $15.00. Oliver and Boyd, Tweeddale Court, 
Edinburgh, 1946. 

In this third volume of the “Edinburgh Post-Graduate Lectures in Medicine”, 
thirty-three lectures given under the Honyman Gillespie Trust are included. This 
lectureship in Scotland is somewhat comparable to the Harvey lectures in the 
United States. The lecturers in this group, at least, are almost entirely from Scot- 
land, although some are from England. If there is any defect to the book at all, 
it is that because of the exigencies of war, it was published in 1946 despite the fact 
that the lectures were given in 1942 and 1943. Despite the disadvantage of this 
lag period, the lectures are quite up-to-date; thus, in Professor Mackie’s talk on 
“The Problem of Air-Borne Infection”, the discourse includes everything except 
Robertson’s most recent work. 

Among some of the outstanding chapters are “The Differential Diagnosis of the 
Chronic Affections of the Lungs”, by Charles Cameron. Learmonth’s essay on 
“Reflex Vasodilatation in Surgery”, is also of interest. Other excellent chapters 
are those by Agnes R. MacGregor, K. Paterson Brown, A. J. C. Hamilton, and 
Douglas Miller. MclYhirter’s chapter on “The Value of Post-Operative Radio- 
therapy in Carcinoma of the Breast”, considers the extensive experience of the 
Royal Infirmary in Edinburgh with 1,879 carcinomas of the breast seen in a twelve 
year period. The case for post-operative radiation is well supported by McWhir- 
ter’s figures. In the chapter by Clayson on “Modem Trends in Preventive and 
Social Aspects of Tuberculosis”, the interesting confession is made that just before 
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the war, of 1,300,000 cattle in Scotland, 650,000 were infected with the tubercle 
bacillus and that the control is so slow that only 6.5 per cent of the cattle have been 
tested as free from infection. 

The lectures in this book are of the high scholastic as well as medical caliber that 
one would expect to come from Edinburgh. For those of us who have studied in 
that medical center, as well as all other medical readers, this book should have an 
appeal. 

H.N.H. 

Gynecological and Obstetrical Pathology. By Emil Novak. 2nd Ed. Ulus. 570 
pp. $7.50. W. B. Saunders Company, Philadelphia, Pennsylvania, 1947. 

The second edition of “Gynecological and Obstetrical Pathology”, W. B. Saun- 
ders Co., by Emil Novak has finally made its appearance. I say “finally” because 
the demand for the book while out of print for the past two years has been enor- 
mous. There are several reasons for this: the excellence of the first edition; the 
great demand from discharged medical oflScers who are seeking training in gyne- 
cology; the requirement of the Obstetrical and Gynecological Specialty Board of a 
knowledge of pathology; and finally, the fact that the book is unique. There is no 
other book in the English language that covers the subject of gynecological pathol- 
ogy so concisely and yet so completely. The boojc is written from the author’s 
own extensive experience in this branch of pathology, without attempting to give 
all the conflicting views on controversial subjects. This makes the book readable 
and clear, even to the relatively untrained. However a small bibliography is 
appended to each chapter for the convenience of those readers who are interested 
in a more comprehensive understanding of the subject. 

The first chapter deals with the endocrinology of the menstrual cycle and preg- 
nancy in a simple, concise way. In the next 28 chapters the gross and microscopic 
pathology of neoplastic and inflammatory diseases of the female generative tract 
is considered. Correlation between the pathological and clinical aspects of gyne- 
cology is in evidence throughout these chapters and, in the opinion of the reviewer, 
this is one of the most valuable aspects of the work. Chapters 30, 31, 32 and 33 
deal with special subjects, namely ectopic pregnancy, pelvic endometriosis, implan- 
tation and placentation, and hydatidiform mole and chorioepithelioma malignum. 
The final chapter by L. M. Heilman deals with abnormalities and diseases of the 
placenta and appendages (other than hydatidiform mole and chorioepithelioma). 

The new edition has expanded from 496 to 570 pages. Most of this is due to an 
increased number of illustrations. The first edition contained 427 pictures, whereas 
the second edition has 542. There was but one colored plate in the first edition 
and the present one contains 15. The only criticism which could be offered might 
be directed at the illustrations. Better sections might have been selected for the 
illustration of some typical lesions and more attention might have been paid to the 
reduction of the illustrations to the optimum size. The character of the illus- 
trations is not quite up to that of the first edition because of the use of poorer 
quality paper. This is probably unavoidable due to the post-war shortage of paper. 
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On the whole the essential facts of obstetrical and gynecological pathology are 
well told and the second edition should continue to be the standard work in this 
field. 

R.W.TeL. 

Eeparin in the Treatment of Thrombosis. By J. Erie Jorpes. 2nd Ed. Illus. 

260 pp. $6.50. Oxford University Press, New York, New York, 1947. 

This book by Jorpes is the second edition of his monograph first published in 
1939. It is indeed a classic. The development of heparin is due primarily to three 
groups of men. First, Howell and McLean of Baltimore; second, Jorpes and his 
collabbrators of the Caroline Institute in Stockholm; and third, Charles and Scott 
and their co-workers in Toronto. The initial work done by Jay McLean in dis- 
covering heparin as a sophomore medical student at Johns Hopkins University in 
1916, should make this subject one of especial interest to all Baltimoreans. 

The new edition is much more complete than the previous one. The clinical 
data concerning the effect of heparin is brought up-to-date, and the American 
Literature is given consideration as much as is the Swedish. Considering the fact 
that Dr. Jorpes is primarily a chemist, the clinical aspects of this book are very well 
presented. His discussion, for example, of the pathology of deep vein thrombosis 
leaves little to be desired. The illustrations in the book are excellent, and the 
presentation of the subject is thorough and adequate in every way. It is a book to 
be recommended. 

H. N.H. 

Journal of the History of Medicine and Allied, Sciences. Vol. I. 182 pp. $2.50. 

Henry Schuman, New York, New York, 1946 
With the present number, a new journal of medical history makes its debut. 
As the editor. Dr. George Rosen, says in the preface, its purpose is “to provide 
another focus for studies in medical history” (p. 4), “to cultivate medical history 
... as a vital, integral part of medicine” (ibid.), and “to present studies that can be 
of interest to as large a section of the medical profession as possible” (p. 5). While 
promising to be very broad in its scope and to maintain “the highest literary and 
scholarly standards” (ibid.), it will yet consider bibliographies and philological 
studies as more properly belonging to the Bulletin of the History of Medicine. 

The broad scope of the journal is evidenced by the articles contained in this 
number. There are two contributions to Primitive medicine by E. H. Ackerknecht 
(“Incubator and Taboo”) and L. C. MacKinney (“Animal Substances in Materia 
Medica”). Anatomy is dealt with by Charles Singer (“Some Galenic and Animal 
Sources of Vesalius”) and J. B. de C. M. Saunders and C. D. O’Malley (“Bernar- 
dino Montana de Monserrate”). Jane M. Oppenheimer (“A Note on WiUiam 
Blake and John Hunter”) and Phyllis Allen (“Medical Education in 17th Century 
England”) discuss chapters in the history of English medicine, while the articles by 
J. C. Trent (“The London Years of Benjamin Waterhouse”) and P. I. Nixon (“Dr. 
Benajmin Harrison, Temporarj' Texan”) can be assigned to the domain of American 
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medicine. The allied sciences of pharmacy and dentistry are represented by George 
Urdang (“Pharmacopoeias as Witnesses of World History”) and Curt Proskauer 
(“The Two Earliest Dentistry Woodcuts”). Besides the articles, which fill the 
bulk of the issue, there is also a section for “Notes and Queries,” edited by Max H. 
Fisch, and another section for “Book Reviews.” 

Altogether it can be said that in this first issue the Journal introduces itself as a 
medium for scholarly papers and in a form which is attractive by reason of its clear 
print, abundant iUustrations and convenient format. This, together with the 
many weU-known names constituting the Board of Editors and Consulting Editors, 
win assure it wide attention in this country as well as abroad. 

O.T. 

The Marihuana Problem. By the Mayor’s Committee on Marihuana. 200 pp. 

$2.50. Jacques Cattell Press, Lancaster, Pennsylvania, 1945. 

The Mayor’s Committee to study the marihuana problem consisted of two in- 
ternists, three psychiatrists, two pharmacologists and one public health expert, 
appointed by the New York Academy of Medicine. It included such well-known 
names as McKeen Cattell, Robert F. Loeb, Karl M. Bowman, David Wechsler and 
S. Bernard Wortis. They concluded that the marihuana user does not come from 
the hardened criminal class, and there was found no direct relationship between the 
commission of crimes of violence and marihuana. Smoking marihuana can be 
stopped abruptly with no resulting mental or physical distress comparable to that 
of morphine withdrawal in morphine addicts. 

The clinical studies were made upon prisoners who volunteered for the study. 
Although some of the subjects became restless and talkative under the marihuana 
influence, a mental state characterized by a sense of well-being, relaxation and 
unawareness of surroundings, following by drowsiness, was present in most in- 
stances when the subj'ect was left undisturbed. In company the subj’ects were 
lively and given to talkativeness, fits of laughter and good-natured joking. In a 
limited number of the subjects there were alterations in behavior giving rise to 
anti-social expression. In the total group of 77 persons studied, what are known as 
psychotic episodes occurred in 9 of the subjects. In the clinical study of the effect 
of marihuana on functions of the various organs of the body, there were found an 
increase in pulse rate and blood pressure and an increase in blood sugar and meta- 
bolic rate. Static equilibrium and hand steadiness were the functions most strongly 
affected by marihuana. In an effective dose the drug impairs intellectual func- 
tioning in general. 

Mayor LaGuardia summarized his attitude as follows: “I am glad that the 
sociological, psychological and medical ills commonly attributed to marihuana have 
been found to be exaggerated insofar as the City of New York is concerned. I 
hasten to point out, however, that the findings are to be interpreted only as a reas- 
suring report of progress and not as encouragement to indulgence, for I shall con- 
tinue to enforce the laws prohibiting the use of marihuana until and if complete 
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findings may justify an amendment to existing laws. The scientific part of the 
research will be continued in the hope that the drug may prove to possess thera- 
peutic value for the control of drug addiction.” 

This study has been subjected to severe criticism by the Journal of the American 
Medical Association (Editorial, 1945, vol. 127, p. 1129), especially on the basis that 
it gives license to the unrestricted use of marihuana. They feel that sweeping and 
inadequate conclusions have been drawn on a narrow and thoroughly unscientific 
foundation. Possibly this controversy will be of value in stimulating further study 
of the whole problem. WTiQe it is possible to pick flaws in the report of the com- 
mittee, its findings are entitled to a good deal of consideration. 

O.R.L. 

A Memoir lo the Academy of Sciences at Paris on a New U se of Sulphuric Ether: 1847. 
By W. T. G. Morton. 24 pp. $1.50. Henry Schuman, New York, New 
York, 1946. 

This pamphlet should be of interest to all who have puzzled over the ether pri- 
ority controversy of a hundred years ago. This is the first separate printing of the 
letter that was presented to the Academy by M. Arago, for Dr. Morton, in the 
Autumn of 1847. 

H.N.H, 

Quantitative Clinical Chemistry Interpretations. By John P. Peters and Donald 
D.VanSlyke. Vol. I. 2nd Ed. $7.00. 1041 pp. The WUliams & Wil- 
kins Company, Baltimore, Maryland, 1946. 

The second edition of Peters’ and Van Slyke’s well-known work comprises a 
thorough revision of the text in order to bring it up to date. This is reflected by 
the increase in number of volumes to three, of w’hich the first of two on "Interpre- 
tations” has been published. The prindples which governed the making of the 
first edition in 1931 are adhered to in the present text, but, because of the tremen- 
dous bulk of information which is involved, the task of re-editing "Interpretations” 
has been performed by J. P. Peters while that for "Methods” has been accomplished 
by D. D. Van Slyke. 

Otherwise, the content of the book is arranged similarly to that of the first 
edition and so requires little comment here. Attention should be called to the 
fact, not always appreciated, that “Interpretations” comprises an excellent refer- 
ence text in the general field of biological chemistry. Its subject matter is exten- 
sive, the style lucid and the bibliography large. Emphasis is placed on the relation 
of \arious substances to disease, to action of drugs, and to general metabolism. 
In dew of the fast developing prominence of physical and chemical knowledge in 
medical thought and the need for an extensive reorganization of medical education 
in keeping with it, this book can fill a much needed place at the elbow of every 
student of medicine, whether pre-graduate or post-graduate, whether interested 
primarily in clinical medicine or in some related field. WTiile a convenient refer. 
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ence book, its subject matter does not permit it to be useful to someone who wishes 
a quick survey of some unfamiliar subject. On the other hand, it is not adequate 
by itself as a complete source of information for the individual who wishes to go 
deeply into some one field. 

As a general appraisal, it may be said to fulfill its function admirably and to be 
of great use for persons of divergent needs. Perhaps the ideal book would approach 
these subjects from a more dynamic standpoint with more emphasis on both 
physical and organic chemistry, rather than on physiology and on substances as 
separate entities. 

F.W.B.,Jr. 

A Textbook of Clinical Neurology. By J. M. Nielsen. 2nd Ed. Ulus. 699 pp. 
$7.50. Paid B. Hoeber, Incorporated, New York, New York, 1946. 

This textbook is clearly written and concise. It contains a wealth of infor- 
mation and many illustrations. The author has written chiefly from his own ex- 
perience and has not merely copied the material to be found in other texts. As one 
might expect, since the author has written so much on the subject of aphasias and 
related disorders, an interesting discussion of the cortical syndromes is included. 

F.R.F. 

Victory over Pain. By Victor Robinson. Ulus. 338 pp. $3.50. Henry Schu- 
man, New York, New York, 1946. 

Within the past few years there have been a number of books published on the 
history of anesthesia, five such appearing in 1945-46 alone. In Victory over Pain 
Dr. Robinson has presented this history in a most lucid manner in which fine diction 
has not served to obscure historical accuracy. 

From its dark beginnings in antiquity the search of mankind for surcease from 
pain is traced through to the present. The text if not voluminous is certainly 
complete. Of particular interest is the author’s mature presentation of the dis- 
covery controversy. It is made abundantly clear that the outstanding fact was 
that, following Morton’s demonstration of anesthesia at the Massachusetts Gen- 
eral Hospital in 1846, anesthesia came alive in the world. The role of those others 
who figured so tragically in the bitter altercation. Long, Wells and Jackson, is not 
minimized, but their accomplishments are evaluated in true perspective. As Dr. 
Robinson so eloquently puts it, “The four men did not meet in a tavern and pledge 
eternal brotherhood as the world rejoiced in the Victory over Pain. Alone they 
drank the wine of bitterness and tasted the lees of hatred. There was limitless 
glory for all, but not one would grant a share to another.” 

The biographic portrayals which comprise the bulk of the volume are well- 
drawn and charmingly delineated. It is a pleasure to see John Snow accorded the 
prominence he so rightly deserves for his contribution to anesthesia. Little heard 
of characters like Samuel Guthrie, backwoods scientist, country physician, powder- 
manufacturer and discoverer of chloroform; find their way into this account along 
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■n-ith Henry Hill Hickman who, unrecognized in his own time, understood the prin- 
ciples and practice of anesthesia. The subject is rounded out by a brief but ade- 
quate account of modem methods and masters. 

All in all this is a thoroughly readable book. Although it will undoubtedly have 
wide appeal for the lay public, this should in no way detract from its appreciation 
by the professional man. 

M.H.H. 

Women in Industry: Their Healtk and Efficiency. By Anna M. Baetzer. 344 pp. 

$4.00. W. B. Saunders Company, Philadelphia, Pennsylvania, 1946. 

The number of women in industry has increased so rapidly in the past years 
that some evalutation of the effect of such numbers of women on industry and of 
industry on the health and lives of women so emplo3’ed is urgently needed. This 
book reviews the available scientific facts concerning the health and eflBciency of 
women in relation to their employment, especially material gained during the war, 
and it attempts to point out those phases of the problem that need further investi- 
gation. In this analj'sis the performance of women has been compared with that 
of men on similar jobs and also the specific problems of women as women have been 
considered. 

Despite immense gains made in the utilization of women during the war there 
are problems still not too well handled relating to the size, weight and fatiguability 
of women as compared with men. The necessity of fitting the conditions of the 
machine to the size of the worker seems to have been incompletely recognized. 
Wliile women may become fatigued more readily than men, that seems to be attrib- 
utable to household cares and responsibilities and to lack of background and adap- 
tation to industrial work rather than to any specific factor of sex. Hours of work 
above the recommended forty -eight hours per week were found to increase the loss 
of time due to sickness, absence without permission, spoiled work and accidents, 
according to these impressive statistics. While absenteeism is greater among wo- 
men than among men, when broken down, the evidence points to more frequent 
but shorter absences among women, possibly indicating a tendency on the part of 
women to take minor illnesses more seriously than men. On the other hand women 
have fewer industrial accidents. This may be due to difference in exposure, smee 
the accident rate for women is higher for non-industrial accidents (exclusive of 
automobile accidents) than for men. It was found, however, that the higher 
rate of sickness in women was due to conditions common to men and women, — 
i.e. respiratoiy and digestive diseases. 

In the realm of specific gynecological conditions it seems to be more difficult 
to interpret the evidence of the effect of industrial work on pregnancy, on pre- 
mature births, on infant mortality and on maternal deaths. The social-economic 
factors which enter into these problems outside industry cannot be overlooked in 
their evaluation in industry. There seems to be less uncertaintj- about the tjpe 
of work that pregnant women should undertake than how late in pregnancj' a wo- 
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men should be allowed to continue her work. “Various federal and health agencies 
recommend at least six weeks antepartum leave and six to eight weeks postpartum 
leave with seniority rating undisturbed.” Dysmenorrhoea in itself seems to be a 
relatively unimportant factor in absenteeism though I suspect from my clinical 
experience that it may be an undeclared cause of sick absenteeism more often than 
recognized. The menopause is said to be “unimportant in industry at present” 
and it is clear from statistics given here that older employed women tend to have 
many less absences than younger women. There are complicated social-economic 
factors present which prevent adequate comparison of these two groups. I agree 
with the author, moreover, that absenteeism among women can never be cor- 
rectly compared with that among men until there is equal pay and equal oppor- 
tunity for advancement, as only then will maximum output and maximal co- 
operation of women in industry be obtained. 

Among the problems stiU requiring investigations to which attention is directed 
in this study are 1) the lower fertility record of women in industry; 2) the effects of 
certain processes — as lifting, reaching, vibration, heavy work, for instance, in 
causing or aggravating diseases of the pelvic organs; 3) the extent of occupational 
diseases and exposure to harmful chemical substances on women employed in 
industry and more especially the possible increased danger to pregnant women and 
to fertility; 4) the incidence of “strain and stress injuries” among women and 
whether there is more or less susceptibility to injuries of joints — such as tenosy- 
novitis, bursitis or arthritis — resulting from vibration, friction or trauma; 5) ac- 
cident rate in relation to hours of work. 

There is excellent presentation of the benefits to industry as well as to the 
employee from improved personnel practices and also of the important role that 
the industrial physician may play in the field of preventive medicine. 

There are an impressive number of charts giving statistical evidence in these 
and many other matters. For the first time there is here amassed a body of 
material that should make it possible hereafter to discuss the subject of “Women 
in Industry” with less repetition of generally accepted views without examination 
of the evidence on which these views were originally based.” The researcher in 
the field of “Woman in Industry” will be deeply indebted to Dr. Baetjer for her 
skillful and careful analysis of so much pertinent material. 


C.McC. 



IDIOPATHIC LOW BACK PAIN AND SCIATICA™ 

25 YEARS AGO AND NOW* 

J. ALBERT KEY. M.D.t 
St. Louis, Missouri 

By the expression “low back pain” we mean pain situated and origi- 
nating in the lumbosacral region, that is at the level of the 4th and 5th 
lumbar vertebrae and sacrum, and which is not due to obvious disease 
or fracture of the vertebrae in this region. This is an area which can 
be covered by the hand of the examining surgeon, yet one which has 
been the subject of much careful anatomical and clinical investigation 
and of even more romantic speculation. This region has received un- 
usual attention because pain and disability in the low back is one of the 
most frequent afflictions of mankind. This low back pain may or may 
not be accompanied by sciatica. 

The mode of onset, intensity and distribution of the pain and clinical 
course of the condition vary greatly among patients presenting the 
symptom complex which we term “low back pain.” In part it is this 
great variation in the clinical picture presented by these patients which 
has accounted for the multiplicity of theoretical explanations of the 
condition. 

During the period when we were in school most of these low back 
pains were believed to be due to strains or subluxations or arthritis of 
the sacro-iliac or lumbosacral joints. As nearly as I can determine, the 
tendency to favor one or the other of the above joints was dependent 
largely upon the geographical location of the observer rather than upon 
any clinical or pathological evidence of disease in the given joint. In 
Boston under the influence of Dr. Goldthwaite, and here in Baltimore 
under that of Dr. Baer the sacro-iliac joint was the overwhelming 
favorite and practically all cases of low back pain which could not be 
explained bj' fractures, neoplasms, spondylolisthesis or destructive 
disease of the vertebrae were believed to be due to lesions of the sacro- 
iliac joints. 

In a paper published in 1917, Baer (1) likened sacro-iliac sprains to 

t From {he Department of .Surgcr\% Washington University, St. Louis, Mo. 

* Read before the Johns Hopkins Medical and Surgical Club, Feb. 27, 1947. 
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sprains of the ankle and stated that the ligaments holding the sacrum 
to the ilium could be wrenched, causing a strain or sprain of the sacro- 
iliac joint. Depending upon whether the sacrum was tilted backward 
or forward they were divided into types A and B. The t)^e A sprain 
was characterized by a flat back and unilateral lumbosacral pain and 
often it was accompanied by referred pain in the distribution of the 
superior gluteal and sciatic nerves. It corresponded to the traumatic 
type of lumbosacral strain of other authors (Key (2)) and the type B 
sprain with hollow back and bilateral lumbosacral pain which was not 
referred was similar to the postural t)T>e of lumbosacral strain. It was 
stated that the diagnosis was quite simple and that lumbago is generally 
a strain of the sacro-iliac joint. 

Those who believed that the pain originated in the sacro-iliac joints 
studied the anatomy and physiology of these joints and presented con- 
vincing arguments in support of the vulnerability of these joints to 
strain or subluxation and of the tendency of such injuries to cause pain 
in the distribution of the sciatic nerve either as referred pain or by 
direct irritation of the nerve roots as they crossed the joint. Smith- 
Petersen and Rodgers (3) studied the articular cartilage from some of 
the sacro-iliac joints and reported end results on 26 patients who were 
subjected to sacro-iliac arthrodesis for the cure of low back pain and 
sciatica. Some of the specimens exhibited evidence of traumatic 
arthritis, and the symptoms were relieved by the operation in 22 of the 
26 patients, and were partly relieved in two others. Even more spec- 
tacular are the results reported by Baer (1). In the severe cases with 
marked disability and sciatic pain he advised manipulation under full 
anesthesia followed by immobilization for 10 days in a short plaster 
spica. The manipulation consisted of passive flexion of the affected 
hip with the knee straight, to well beyond 90°. This stretched the 
hamstring muscles and was believed to move the ilium backward on 
the sacrum and thus reduce the subluxation. Baer (1) stated that he 
had “manipulated 100 of these cases by this simple method with imme- 
diate relief in almost every case, and with a relapse in only three.” 

It would thus seem that the problem of low back pain and sciatica 
was solved satisfactorily 30 years ago. Indeed Baer stated “I know of 
no class of cases where the results obtained are so pleasing, both to the 
patient and to his physician.” Unfortunately, neither the manipula- 
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live treatment nor the arthrodesis nor even the incrimination of the 
sacro-iliac joint as the seat of the trouble has stood the test of time. 
Danforth and WUson (4) in 1924 after careful anatomical studies of 
the low back and clinical observations on 21 patients, concluded that 
"the sciatic pain of the type studied is a symptom of disturbance in the 
lower lumbar spine and that the site of the lesion is most frequently in 
the lumbosacral junction and the nerve chiefly involved is the 5th 
lumbar.” 

As more orthopedic surgeons realized that they were failing to relieve 
many of their patients with low back pain and sciatica by therapy di- 
rected at the sacro-iliac joint their attention was shifted to the lumbo- 
sacral joints and braces were devised for their support and operations 
were performed for lumbosacral fusion (Williams (5)). The lumbo- 
sacral region offered an especially fertile field for speculation because 
congenital anomalies occur here more frequently than they do in any 
other part of the skeleton and in addition to the strains, subluxations 
and diseases which any joint might be heir to, this region presented a 
large number of anatomical variations which were thought to account 
for much of the pain originating in the low back. This was especially 
true of enlarged or partly sacralized transverse processes. Just as in 
the case of the sacro-iliac joint series of cases were reported in which 
low back pain and sciatica were relieved in almost every case by lumbo- 
sacral fusion. 

However, this method too did not stand the test of time and many 
orthopedic surgeons were not satisfied with the results which they and 
their colleagues were obtaining in these cases. Having noted that the 
sciatic pain disappeared in a patient whose fascia lata he had divided 
for the correction of a flexion deformity of the hip, Ober (6) quickly 
convmced himself and many' others that idiopathic low back pain and 
sciatica were caused by a tight iliotibial band and a great many patients 
were subjected to the operation of fasciotomy and many were reported 
to have experienced relief after the operation. 

Again time proved that fasciotomy was not a panacea for low back 
pain and the operation was gradually abandoned, and the great major- 
ity of orthopedic surgeons continued to treat these patients conserva- 
tively. The type of conservative treatment depended upon whether 
or not the patient was so disabled that he was confined to his home or 
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preferably to a hospital. If so he was kept in a bed with a firm mat- 
tress and a fracture board beneath the mattress and a small pad or 
piUow beneath the liunbar spine and a moderate amoimt of traction 
might be applied to one or both legs. This was supplemented with 
local heat and sedatives as necessary for the relief of pain. 

Other surgeons insisted that the lumbar spine should be maintained 
in flexion and the head and shoulders and knees were elevated. These 
patients were also subjected to various types of manipulation either 
with or without anesthesia and these manipulations might be repeated 
as often as seemed indicated. In some instances the spine was immo: 
bilized in a plaster of paris jacket or spica cast. 

Ambulant patients were given support to the low back in the form 
of adhesive strapping, belt^ corsets, plaster jackets or braces, and were 
advised to avoid subjectin'g the back to unusual strain, to avoid fatigue 
and to sleep on a firm bed with a fractme board beneath the mattress. 
They were given postural exercises and stretching exercises and the 
shoes were altered if this seemed indicated. 

In addition to the above, physical therapy, especially local heat and 
massage and various types of manipulation without anesthesia were 
used to a variable degree. In any patient with acute low back pain 
the low back might be strapped firmly with adhesive, the strapping 
extending from the level of the trochanters upwards to grasp the lower 
ribs. This often afforded considerable relief whether the patient was 
confined to bed or ambulant, but precluded the use of local heat or 
massage. 

In addition to the methods mentioned above, injections of novocaine 
into the lumbosacral region or into so-called trigger points, or epidurally 
through the sacral canal have been used extensively and such injec- 
tions have been reported to have cured a high percentage of the pa- 
tients in which they were used. Others injected air beneath the lum- 
bar fascia and likewise reported that the patients were relieved of their 
S)Tnptoms. 

Other reported causes of the low back pain and sciatica in a small 
percentage of cases were pressure by the pyriformis muscle on the 
sciatic nerve, adhesions or bands in the sacral canal especially in pa- 
tients with spina bifida occulta, hypertrophied asymmetrical articular 
facets compressing one or more nerve roots, enlarged transverse proc- 
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csscs pressing on a nerve root, kissing spinous processes or herniations 
of fat through the deep fascia, and it has been reported thatsurgical 
procedures directed at the removal of each of the above causes has 
resulted in the relief of the pain and disability in the patients who were 
operated upon. Finally in 1934 Mixter and Barr (7) published obser- 
vations on a scries of patients in whom protrusions of intervertebral 
discs had pressed upon the roots of spinal nerves and had caused pain 
in the low back and sciatic nerves and in some patients had also caused 
sensory and motor paralysis of such a degree that it could be detected 
upon neurological examination. They further showed that the pro- 
truding disc could usually be localized by spinograms after Lipiodol 
had been injected into the subarachnoid space, and that relief of the 
symptoms followed the surgical removal of the protruding disc. 

It was immediately recognized that MLxter and Barr had made an 
important contribution to our knowledge of the cause and treatment of 
low back pain and sciatica and neurological surgeons accepted their 
work with enthusiasm and aggressively attacked the problem as it 
presented a new field for their surgical activities. 

Orthopedic surgeons on the other hand who had been dealing with 
low back pain and sciatica for many years and had seen most of these 
patients get well under a wide variety of diagnoses and because of or 
in spite of many different forms of conservative and operative treat- 
ment were willing to admit that in a small percentage of the cases 
which presented the tj^pical sjmdrome of low back pain with sciatica 
with neurological disturbances the sjTnptoms might be due to protrud- 
ing intervertebral discs, but they believed that the great majority of 
these cases were suffering from strains of subluxations or arthritis of 
the lumbosacral or sacro-iliac joints and they continued to treat these 
patients conservatively or by manipulation or fusion of the suspected 
joints. Especially did orthopedic surgeons object to the injection of 
Lipiodol into the subarachnoid space as they feared that this might 
cause meningeal irritation and add to the patient’s trouble. 

\\Tien Dandy (8) and some other surgeons had become sufficiently 
familiar with the clinical picture and operative findings in patients 
suffering from protrusions of intervertebral discs in the lumbosacral 
region to permit them to operate upon these patients without subject- 
ing them to the injection of radio-opaque material into the subarach- 
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noid space, interest in these lesions broadened and evidence accumu- 
lated which indicated that lesions of the intervertebral discs were the 
most frequent causes of idiopathic low back pain. Key (9) stated that 
“the symptoms which we formerly attributed to sacro-iliac or Imnbo- 
sacral strain, arthritis or subluxation, lumbosacral facet syndrome, 
postural strains of the low back, and myofascitis or fascitis in the lum- 
bar region are really due to lesions of the intervertebral discs in this 
area.” In a second provocative paper read before the 1944 meeting 
of the Southern Surgical Association, it was concluded that the condi- 
tions which we have called low back strains and classified as idiopathic 
low back pain are lesions of intervertebral discs in this area” (Key (10)). 

When they were presented each of the above papers was subjected 
to considerable adverse criticism. Their contents were very nfuch in 
line with opinions expressed by Walter Dandy (11) who has contributed 
so much of lasting value to our knowledge of intervertebral disc lesions. 
Almost three years after the above papers were written I am even more 
convinced that the apparently radical statements which they contained 
are correct. This opinion is based on the following: 

1. In a high percentage of a relatively large series of personally 
studied and operated cases (about 400) in which the diagnosis was ob- 
tained from the history and physical and x-ray examination the pre- 
operative diagnosis was proven to be correct when the spinal canal in 
the lower lumbar region was explored at the operation. Most of these 
patients were not subjected to spinograms before the operation and it 
was not possible always to localize the offending disc or discs with pre- 
cision before the operation, but this was done by inspection and 
palpation at the operation. The suspected disc was exposed and if 
this appeared normal or not sufficiently abnormal to account for the 
s)anptoms the adjacent disc was exposed and examined. A satisfac- 
tory percentage of these patients are improved or relieved after the 
operation. 

2. In many of these cases the patients were followed or seen at inter- 
vals over periods of months or years before they were operated upon 
and some of them were subjected to long continued conservative treat- 
ment. Over a period of time a given case might present various grada- 
tions between a normal back with no s)nnptoms and a rigid flat back- 
with a contra-lateral list and severe imilateral pain in the low back 
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which extcndcci into tlic Initlock and down the course of the sciatic 
nerve to the foot and this might be accompanied by sensory disturli- 
ance and loss of the ankle jerk on the afTccted side. The fact that in a 
given patient the clinical picture may vaiy- so greatly from week to 
week or from day to day has not been sufiiciently emphasized in the 
study of this condition. 

3. In a large scries of jiaticnts presenting the syndrome of idiopathic 
low back pain all gradations may be found between the patient who 
complains of occasional mild bilateral or midlinc lumbosacral pain 
which is not referred and is present only when he is tired and who is 
normal on physical and laboratory c.xaminations and the patient who 
is comjilctcly disabled by severe low back pain and sciatica and who 
on physical c.xamination presents the tjpical picture of a protruding 
intervertebral disc in the lumbosacral region. These variations of the 
]iain among dilTcrent patients in a series of patients with low back pain 
or from time to time in a given patient arc c.xplaincd more satisfactorily 
by an injured or diseased and protruding intcrx'ertcbral disc than by 
any other pathological condition which is knowm to occur in the low 
back. And this opinion is confirmed by the patients who come to 
operation and in whom the protruding disc is found and removed and 
this is followed by relief of the patient’s symptoms. 

4. I have ojK-rated upon a moderate number of patients whose com- 
plaint was bilateral or midline pain in the lumbosacral region which 
was not referred, but was sufficiently troublesome and resistant to 
con.«ervative treatment to warrant operation. These patients corre- 
spond to the grou]) descriiied by Dandy (11) as recurring low back ache 
without sciatica. I'igures 1 and 2 reproduce a sjiinogram of such a 
case. This man had suiTered from severe bilateral lumbosacral pain 
for .'^(‘veral years and at no time had the pain radiated to either buttock 
or lower e.xtremity. .At ojUTation a soft, fluctuant, dome-like, pro- 
truding disc was found in the midline at the 4th lumbar interspace as 
shown in the myelogram. However, since this man’s local tenderness 
had been especially marked over the 5th lumbar disc, this also was 
examined and it was found that this disc was soft, fluctuant, dome-like, 
and jirotrinied in the midline even more than did the 4th disc. 'I'his 
was not shown in the myelogram. Doth protniding discs were re- 
moved and the jiatient made a rapid and complete recovery and writes 
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that he is having no pain in his low back. This patient and the myelo- 
gram thus prove three of the statements for which Dandy was criti- 
cized. These are: 

a. Midline discs occur and may cause low back pain without sciatica. 

b. The concealed or hidden discs may occur and cause symptoms, 

and 

c. The myelogram may fail to show a protruding disc. 

5. Failure of the myelogram to reveal a protruding disc is not con- 
clusive evidence that such a disc may not be causing pain. Since we 
have learned to remove the pantopaque, Dr. Lee T. Ford and I have 
been using larger amounts of the radio-opaque material (9 to 15 ccm.) 
and studying the outline of the spinal canal with the patient standing 
as well as in various positions in recumbency. . Even with this tech- 
nique we have occasionally found errors in the myelograms, but the 
percentage of correct diagnoses by myelography which were proved at 
operation is relatively high. 

6. The other alleged causes of idiopathic low back pain and sciatica 
are not based upon any proven pathological lesions. The ruptured or 
protruding intervertebral disc is the only pathological lesion which has 
been demonstrated to cause idiopathic low back pain and sciatica. 
When the disc material removed at operation was subjected to micro- 
scopic examination, degenerative changes were noted in about 50% of 
the specimens from a group of my cases (Eckert and Decker (12)). 
However, there was no correlation between the microscopic picture of 
the specimens and the symptoms or result obtained by the operation. 
This is to be expected if the symptoms are due to mechanical pressure 
or strain or to inflammation caused by these factors. When at opera- 
tion the pain is found to be caused by pressure of an unrecognized 
metastatic carcinoma on a nerve root as occurred in two of my cases 
or to a tumor in the spinal canal as occurred in one of my cases the case 
is no longer one of idiopathic low back pain. 

7. Failure to cure the patient by operation for removal of the offend- 
ing disc is not acceptable evidence that a lesion of an intervertebral disc 
was not the cause of the pain. The offending disc may not have been 
found and removed or more disc material may have been extruded from 
the incompletely removed disc or a second protruding disc may be con- 
tributing to the patient’s symptoms. 
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S. The fact that the sjTnptoms may be relieved or not affected or 
made much worse by manipulations either without or Bath anesthesia 
is best explained by the possibilit}’ that the position of protruding disc 
material or of the ncr\'e root may have been shifted by the manipula- 
tion. Can one imagine a sprained ankle or wrist being relieved by 
forcible manipulation? And in the case of the discs it makes no differ- 
ence whether the manipulation was directed at the sacro-iliac joints, 
the lumbosacral joints or the lower lumbar discs, because it is not pos- 
sible to manipulate one of these structures without applying force to 
the others in approximately the same degree. 

9. Tlic further fact that some patients who arc temporarily relieved 
by manipulations gradually become worse after repeated manipulations 
and cither suddenly or slowly arrive at a state where surgical removal 
of the protruding or extruded disc material is necessary' if the patient 
is to be relieved of the pain is best c.xplained by a disc lesion. All of us 
who deal with these patients have seen many of them with severe disc 
lesions who have been subjected to prolonged and repeated osteopathic 
or chiropractic manipulations for a low back pain which in the begin- 
ning was relatively mild and in no sense a condition for which operative 
treatment would be considered. I believe that the eventual severe 
disc lesion in many of these cases is caused by the repeated manipula- 
tions and that many disc operations would be avoided if rest and sup- 
port to the low back were substituted for manipulation in the early 
or mild cases. 

There is no doubt but that a high percentage of these disc lesions heal 
or at least the symptoms subside spontaneously. 

It thus appears that in a patient suffering from low bad: pain with 
or wiUiout sciatica the first problem is to dclcrrainc whether or not the 
pain originates in the low back. Usually this can be done by the his- 
tor>’ and physical examination. It is to be noted that the examination 
must be made while the patient is having pain or at least sjTnptoms, 
otherwise it is apt to yield little information and it may be necessary 
for tlie patient to return one or more times for rc-examination before it 
can be determined llra.t the pain originates in the low bad;. Then if 
the x-ray reveals no evidence of spondylolisthesis or fracture or destruc- 
tive disease or ankylosing arthritis the patient is assumed to be suffer- 
ing from idiopathic low bad: pain and the burden of proof is on him 
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who says that this is not caused by a lesion of one or more of the inter- 
vertebral discs in this area. 

The patient should then be treated conservatively along the lines 
mentioned in preceding paragraphs until he is relieved or until it is 
determined that his symptoms will not 5deld to conservative treatment 
and that they are sufficiently troublesome to justify a major surgical 
operation. Not until it is decided that operative treatment is indicated 
should he be subjected to a spinogram. This should be done when the 
surgeon desires to localize the protruding disc precisely before the oper- 
ation and not for the diagnosis of a disc lesion. As much pantopaque 
as is considered advisable should be injected and this should be removed 
after the examination is completed. In my experience a spinogram is 
rarely necessary even in cases which are to be operated upon. 

Even when the spinogram fails to reveal a protruding disc the opera- 
tion for exploration of the canal and search for and removal of the 
offending disc should be performed if the patient’s continued pain and 
disability justify the procedure. 

Surgical treatment is reserved for those cases which fail to yield to 
conservative treatment and I wish that it were possible to state that the 
surgical removal of protruding discs wiU cure all of these patients with 
idiopathic low back pain. Unfortunately, there is a small group of not 
over 5% who are not helped by the operation and another group of 
about 20% who are only partly relieved. In the other 75% the results 
are very satisfactory. 

It thus appears that in the treatment of idiopathic low back pain our 
best results today do not compare favorably with those obtained 25 
years or more ago when many of these patients were treated by manipu- 
lations directed at the sacro-iliac joints or later by any one of several 
methods. For instance Baer’s report indicates that he cured 97% of 
his cases by a simple manipulation of the sacro-iliac joint under anes- 
thesia followed by immobilization for 10 days in a plaster cast. And 
now 30 years later we have abandoned that relatively simple procedure 
because we have found it ineffective and resort to a difficult major 
surgical operation and can cure only about 75% of the cases which we 
operate upon. 

This apparent lack of progress is partly explained by a probable 
difference in the type of cases which comprise a given series. It is well 
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knoun that a large percentage of the patients path low back pain re- 
cover spontaneously without treatment or under a wide variety of 
mctliofls of treatment. It is probable that most of the eases included 
in the earlier series would now get well under conservative treatment 
for the relief of idiopathic low back pain and we reserve our operative 
treatment for the small percentage of this large group of eases which 
suflcr repeated or continued pain and disability and fail to respond to 
conservative treatment. It is our hope that m‘th more experience the 
operative treatment may be improved to a point where our results will 
be even more satisfactoiy than they arc now. It may be that in tlic 
next quarter centun,' we rrill learn some other and more satisfactorj' 
solution to the problems presented by these lesions of the intcrx’crtcbral 
discs. In the meantime we wish to emphasise the fact that a diagnosis 
of an intervertebral disc lesion docs not mean that the patient should 
be operated upon and the offending disc or discs removed. The patient 
should first be treated conservatively and if this fails then the operation 
can be performed with a fair chance that it will be followed by relief of 
the pain. In my c.\-pcricncc lumbosacral fusion is rarely necessary if 
the offending disc has been removed, 
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Tlir: ORIENTING REFLEX (QUESTIONING REACTION): 
CARDIAC, RESPIRATORY. SALIVARY AND 
MOTOR COMPONENTS 


JANICK ROniNSON* ani> W. HORSLF.Y GANTT 
I^eb.-rclrry rf Ike Pkif'fs Ptyehhttic Clsr.ie, Jchns Ileflins Unirersily 

In the funcUonal study of the nervous system by the methods 
oripin.itcd b}’ Ptivlov the quantitative idc.al has determined the direc- 
tion of many investigations. Some of the less readily mcasunablc, or 
more complex, responses have thus suftered comparative neglect, in 
spite of their fundamcnt.al importance. 

The purpose of tliis paper is to report in some quantitative detail 
upon a study of certain aspects of one of these complex bchavnor pat- 
terns— the one which has been variousl}' called by Pavlov the “orient- 
ing reflex,"' the “invcstigator\' reflex,” the "focusing reflex.” 

In the <lc,«criplion which Pavlov Inis given one will rccognirx' a funda- 
mental reaction pattern presented by a wide range of animals in 
reaction to a sudden change in the environment. The complexity and 
variability of this behavior pattern to a sudden new “stimulu.s” invites 
a cnrrcsixuuling variety of designations depending upon the aspect of 
the bchaxdor which catches the observer's interest and attention. 
Pavlov, in “focusing” his attention upon the investigative behavior of 
his dogs aptly used the term “investigaton’ reflex.” There is, however, 
a prcliminarj' pha,'^: of the reaction in which investigatoiy behavior 
has not yet clearly cra’st.allirxd — a phase which might be designated 
“questioning reaction" or, by Pavlov’s own term, the “what-is-lhat 
reflex.'’ 


mSTORlOM. 

Pavlov first dcscrilKd in 1910 the reaction of the animal to a new 
stimulus .as the “orienting or focusing reflex”; he considered it .as a dis- 
turb.ancc producing external inhibition of the conditional reflex (abbre- 
viated rr). 


"IWcTi' f'-ur.'.i. !*e it ever ’■-> ‘rr.x’baj’j'^arirr in tl rf h-xFitui! 

rci'r' TiV.-ch ferre'w-.d csch v.c-trr.i'-r r: rsir.ff rci'.? of "her.* ton-Tant 


' .Ml rriis'.r-.f GR. 
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sounds, each change in the intensity of the room illumination (the sun becoming 
hidden by the clouds, a sunbeam suddenly breaking through, a flickering of the 
electric lamp, a shadow across the window), the appearance of a new odour in the 
room, a warm or cold current of air, something touching the skin of the dog, as a 
fly, or a falling speck of plaster from the ceiling — in all these and in endless like 
cases, there fatally begins an activity of one or another of the skeletal muscles of 
our animal, as of the eyelids, eyes, ears, nostrils; or the head or the trunk or some 
other part of the body will turn and take a new position; and these movements are 
either repeated and reinforced, or the animal becomes fixed in a certain pose. 

“We have before us again a special reaction of the organism, a reflex of the simple 
kind which we call an orienting or focusing reflex. If in the surroundings of the 
animal there appears some new agent (by this I include changes in the intensity of 
previously acting agents), then the corresponding receptor surfaces of the organism 
become focused on it, in a manner which will bring about the most favourable 
stimulation.” (Pavlov, “Lectures on Conditioned Reflexes,” vol. I, N. Y. 1928, 
p. 134. 

Any change in the environment — ^tactile, olfactory, auditory, visual 
— ^may elicit the OR. If the stimulus is too strong, instead of the OR 
there may be a startle reflex, or some marked emotional state as fear. 
A characteristic of the OR is that it tends to disappear with repetition, 
as the animal becomes accustomed to it. 

In 1916 in the lecture Reflex of Purpose Pavlov added the word “in- 
vestigatory. reflex” and considered this reaction the basis of inquisitive- 
ness, scientific research, etc. 

“Now every new factor arising in the surroundings, if repeated at 
short intervals and imaccompanied by any further direct influence on 
the animal, becomes more and more indifferent. The orienting reflex 
which it calls out becomes weaker and finally disappears, and with it 
also disappears the inhibitory action on our conditioned reflex. On 
this extinction is based the fact that the constant composition of the 
surroundings remains without apparent effect on the animal.” In 
addition to the orienting reflex: “All extremely strong stimuli, strong 
light, sudden noises, etc., provoke special reactions, as, for example, 
shivering or trembling of the animal, the reaction of running away, 
trying to break away from his stand, or the opposite cataleptic-like 
state; on the other hand, the sight and sound of persons having a cer- 
tain relation to the experimental animal, or the sight and sound of 
other known animals, and various things of the same sort, condition 
every previously elaborated response on the part of the animal” (1). 



TJTr. or-ir,N*Tn;G rxrixx 


Tiir OR is often difncull to demonstrate unless other extraneous 
stimuli arc excluded. Thus in an animal running about one may not 
.'-er a rr.actinn to new stimuli or even to loud noises, whereas in the 
exj)erimcntal camera, one m.iy usually see the animal or person turn 
his head to the slightest sound, light or tactile stimulus. 

Pavlov noted that the OR inhibited both the cxcitaloiy' cr (external 
inhibition) and the inhibitory cr (disinhibition) and it was to avoid such 
interferences that he built a sound proof camera. 

For purposes of observation and reporting in this paper we use the 
term “orienting reflex.” Whitchom has suggested tentatively the 
use of the terms “questioning reaction,” or "uncertainty reaction” 
thus strc.ssing that aspect or phase of the reaction which was indicated 
by Pavlovs term “what-is-that” (Russian shlo Ichcc) mflex. lliis 
aspect was cmphasir.cd by a student in this laboratorj’, unfamiliar 
with either the term or the reaction, who seeing it for the first time, 
said, "the dog looh,s as if he is asking a question.” 

In subsequent studies, it may prove useful to discriminate difTcrent 
phases by different terms. 

Hy several criteria the OR m.iy be considered an unconditional 
resi)onsc; it occurs in many sjx-cics, it is inborn and present without 
training, and it persists after ablation of the cortex. The peculiarity 
of the OR lies in the fact that in the intact anim.il it disapjxars or 
rve.akcns after R-petition of a given stimulus. Pcrh.aps this charac- 
teristic could be more aptly cxpa'.ssed by s.aying that the stimulus to 
elicit a “questioning reaction” in a norm.al animal, must be continu.ally 
nt-.v and difTcR-nt. The disappearance or weakening of the "question- 
ing reaction" on rcjxrtition of the same stimulus may lx considered 
as an instance of cortical or conditional inhibition, since such weaken- 
ing does not occur in a decorticated a.nimal. Tix- “questioning re- 
action" may include as an element the startle refle.x although it is not 
identical '.vith this reflex. 

n-.c progR-5'ivc dccR.ase in intensity of the OR. i.e., its grafiua! 
extinction by repetitions of the same stim.ulus witlioul t!;e reinforce- 
ment proxided by r.ovclly. may l.x considerrti an adaptive procc?'-. },ul 
the c.xact extent and rate of its j>rec,rc-s.' ha.s not bcc.n m.ea'urcd I'.ercto- 
fere o-.vlng to ih.c hack o; an adequate methc«d. Pavlov studied this 
inhibitirn. of the OR by simply rh-sor.dng the disarqxa ranee of the 
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motor investigatory components, and he also made attempts at quan- 
titative study through measurements of the inhibiting effect of the 
OR on other conditional reflexes. 

The study here reported is related to studies on cardiac conditional 
reflexes previously conducted in this laboratory. 

In 1934 E. C. Andrus and Gantt began to study the possibility of 
forming cardiac conditional reflexes to peripheral nerve stimulation, 
and in 1939 Hoffmaim and Gantt and in 1942 Dworkin and Gantt 
established the fact that the heart rate changed regularly during the 
action of a conditional stimulus signalizing either food or pain — in 
other words that there is a definite cardiac conditional reflex subject 
to general laws of learned behavior (2). 

In further quantitative studies of cardiac reactions it has become 
necessary to learn how much of the animal’s measured cardiac re- 
sponse to a conditional stimulus is a result of the conditioning proc- 
ess and how much might be attributable to the new stimulus itself 
(i.e. a part of the orienting reaction). 

For these several reasons we have undertaken to investigate the nor- 
mal course of reaction to a new stimulus. We have also compared the 
reaction to such a stimulus (both before and after the animal has 
become accustomed to it) with the reaction to the same stimulus after 
it has been made the conditional stimulus for some other specific re- 
flex. 


METHOD 

Seven dogs were used in these experiments, six of them never having 
been worked with previously in the laboratory. The fact that Gosha 
and Connie had been fed in the experimental camera may have in- 
fluenced some of the results. After a dog was well accustomed to the 
experimental environment, it was placed repeatedly in the experi- 
mental camera and a stimulus was given (tone, metronome, buzzer or 
light). These specific stimuli had not been used for any previous 
conditioning of these animals (except Connie, as noted below) nor were 
these stimuli, in this phase of the study, reinforced, that is, given m 
association with an unconditional stimulus for specific reflexes, such 
as ordinarily serves to establish a conditional reflex. Ten to forty 
repetitions of the new stimuli acting for 30 seconds were given on each 



TABLE I 

Gosha, 24 November 1944 

Showing the reaction of the dog to neutral auditory stimuli (M40, Bu) beginning uiith the 

first time they were used 

In the column “Control” the HR is given for the 10" period immediately preceding the 
stimulus. In the “Cardiac OR” there are given in sequence the HRs for every S" while 
the auditory stimulus is acting. The itah'cs in this column indicate that there is during 
the period of the italicized figure a motor component of the OR. The next column “UR” 
indicates the cardiac rates to the eating of 10 gms. of food taken every S" after the begin- 
ning of eating. The bold figures in this column show that the dog is in the act of eating 
for the period that these rates are taken. When the dog is licking the food box but not 
eating a star is placed beside the HR for that period. The last colurrm “Interval” con- 
tains the HRs for 5" periods immediately following the 30" after the beginning of eating, 
or after the cessation of the auditory stimulus. 
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of three or four days at intervals of a few minutes until no marked 
changes (motor, cardiac, respiratory) occurred to the stimulus, or 
such changes were relatively constant. The reactions of the animals 
to the new stimuli were carefully noted — ^heart rates, duration and 
strength of motor ORs, latent periods, — and in two animals with 
chronic fistulae of the parotid gland, the salivation to the stimuli was 
measured. The heart rates were recorded with a Brush Oscillograph 
or a Parmenter Cardiotachometer and counted for 5 second periods 
as shown in Table I. 

Gosha, a young active female Pit bull terrier was first brought 
into the laboratory 30 December 1943 and accustomed to the camera 
by bringing in and feeding it several times a week from the food box. 
(The early experiments were performed by Evblyn Whitehom.) 
The dog was not brought into the camera again from 2 February 1944 
until the 27 October 1944. It was brought into the camera 6 times 
for feeding between the 27 October 1944 and 24 November 1944, on 
which date the neutral stimuli (M40 and Bu) were introduced for the 
first time. 

The dog was seen through a glass window of the camera separated 
from the experimenter. The time after the beginning of the stimulus 
when he turned or made any movement directed in a definite direction 
about the source of the stimulus was recorded as the latent period of 
the OR; the duration of this movement as well as its estimated in- 
tensity was also noted. 


OBSERVATIONS 

I. Motor Component of the Orienting Reaction. Ordinary observa- 
tion of the OR is at best a rough estimation influenced by the ex- 
perience and attitude of the observer. In this laboratory we evaluate 
the intensity of the dog’s motor reaction (pricking of ears, turning to 
source, vocalization) on a four-point scale of intensity — a single plus 
(-f) signifying a barely perceptible response, four plus (-f-t--|--f) an 
extremely strong response and -hd- and -f-h-f appropriate grada- 
tions ranging between. 

In spite of the difficulties of evaluation involved, the pattern of 
change in the motor reaction was generally recognizable and paralleled 
roughly the extinction of the cardiac component of the reaction. The 
most marked reaction occurred the first time the stimulus was given. 
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and progressively diminished upon repetition during each session, and 
was found to be of low intensity even at the beginning of each new 
session, unless a long time intervened. A marked strengthening of 
the motor OR to a specific stimulus occurred for some minutes after 
food was given in the camera. 

This pattern of extinction was followed in aU dogs except Clare, 
whose motor reactions increased in intensity from day today. Until 
more evidence is accumulated on a large munber of animals, it is of 
course impossible to draw conclusions about Clare’s deviation from the 
usual course of the OR and its relation to her hyperreactivity later 
in the camera (which was so violent as to make her unsuitable for 
laboratory work). 

Duration of the motor investigatory behavior is as difificult to esti- 
mate as strength, and does not foUow any clearcut pattern. On the 
whole, however, it may be said that with repetition a definite trend of 
diminishing duration of the OR was perceptible in our dogs, the dura- 
tion becoming shorter as the apparent “tension” of the dog’s move- 
ments decreased. 

The latent period of the motor OR is subject to the error of xmaided 
observation. There is a large margin of error depending upon the 
judgment of the individual observer. This index was of little value 
in the present study. In general the stronger the motor components 
of the OR the shorter the latent period. But the latent period is not 
only a characteristic of each observer but of each individual dog as 
well as of the kind of stimulus used. 

II. Salivation and the OR. There appears to be no special reason, 
a priori, why salivation should be considered a component of the OR, 
and our observations are not consistent with such a formulation, for 
there is little evidence of quantitative parallelism between salivary 
secretion and the OR; yet we have observed remarkable instances of 
some kind of a relationship. The stimulation of salivation by food 
or by conditional stimuli may markedly enhance the OR to a new 
stimulus, or revive an OR to a particular stimulus previously ex- 
tinguished by repetition. Furthermore, in an experimental camera 
which has been used for salivary experiments, a new stimulus may elicit, 
along with the OR, a strong salivary response.* Some of the details 

* The question remains undecided as to whether this so-called salivary compo- 
nent in Gosha is such a generalised conditional reflex in its incipient stage. 
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Fig. 1. Showing the Effect of Feeding on the Salivaky 
Component of the OR 

Note increased salivation at the arrows pointing to the first neutral stimulus 
used after the feeding. 


Cardiac component of. eating and of OR 
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Fig. 1a. Heart Rate During Eating 10 Gms. Food and During 3 Second 
Action of Neutral Stimulus. Cf. with Fig. 1 
Note the decrease of the cardiac OR on successive repetitions of the neutral 
stimulus. 
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are reported below in connection with the cardiac component of the 

OR. 

in. Respiratory Component of the OR. A respiratory conditional 
reflex has been noted by many authors (Pavlov, Kellogg, Liddell, 
Gantt et ah). There is also a respiratory® component of the OR, 
which is seen in Fig. 2. The respiratory component is less well marked, 
less abrupt than the cardiac component of this reaction, similar to 



Fig. 2. Respiratory OR to Neutral Metroxoiie (M40) 

The heart rates are written in figures before, during and after the action of M40. 


the difference between respiratory and cardiac components of an 
emotional state such as eating (Fig. 3). 

In Fig. 4 we see the dropping out of the OR on repetition of the stimu- 
lus, in both respiratory and cardiac components. The respiratory 
movements are more readily observed and recorded than are the skele- 
tal muscular movements but are not nearly so sensitive as the heart 
rates. 

IV. Cardiac Component of the OR. We have found that change in 
heart rate is the most regular component of the OR. This was not 
our expectation nor original object of study in performing these ex- 
periments. Studying heart rate change in connection with the con- 

® We deal here only with the motor component of the respiratory reflex, i.e., the 
movement of the external respiratory muscles. Obviously there are other respira- 
tory components demanding investigation, such as the gaseous exchange. 
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ditioning process, we had found it necessary to investigate cardiac 
reactions to new stimuli or sudden changes in environment as a con- 
trol study for other projects, but our experience has thrown, the whole 
matter into unexpected perspective. 


G05HA MOV MM RtlAllOM RESPIRATION &• HR 



Fig. 3. Respiratory and Cardiac Changes before, during, and after 
Eating 10 Gms. of Food 

The HRs are written in the appropriate places on the chart 
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Fig. 4. Showing Disappearance of the OR on Repetition 
Cf. respiratory and cardiac reactions to M40 given for the 24th time, to M40 
in Fig. 2 given for 23rd time five minutes previously. 


In each dog studied in this series, changes in heart rate marked the 
occurrence of an OR, and reflected the course of its extinction, per- 
sistence, or recurrence. Fig. 5 and Table I illustrate the heart changes 
in one dog (Gosha) to three different new stimuli. This animal after 
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being accustomed to the experimental camera and eating from the 
foodbox^ was stimulated for 10 seconds with a metronome of forty 
beats per minute (M40) and with the sound of air bubbling through 
water (Bu). Neither of these stimuli were followed by food. The 
progressive decrease in cardiac reaction to the new neutral stimulus 
is seen as the stimulus is repeated (Table I). After thirty repetitions 

GOSHA 


card(ag component of or,cr and uR ( rooo ) 



Fig, 5. Cf. of the CAXfAc Components of the OR, the ce to Auditory 
(M40 AND BO; AND Visual (L40) Signals, and to UR, 

(Eating 10 Gms. Food) 

The ordinates represent per cent changes in the heart rate from a base line of 
100% control. The ordinates are for dates as marked. 

e- 

of the stimulus (M40), during which the heart rate change decreased 
from 10% to less than 2%, M40 was then followed by two biscuits, 
resulting in a 72% increase in heart rate during the first 5" of eating 

* The practise of accustoming the animal to the unconditional stimulus alone 
(in this case food) before the studies of responses to neutral stimuli were made was 
later discontinued. For, if the food reaction (in this case) has been excited by the 
experimental environment (camera) per se, any new stimulus may release that 
excitement in the form of a simulated conditional salivary reflex. 
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(Table II). During a period thereafter when M40 was consistently 
employed and reinforced as a conditional food stimulus, it regularly 

TABLE II 

Gosha, 28 November 1944, Cardiac Rales 

Symbols used are the same as in Table I with following additions. The figures in ( ) 
indicate that during this reading a small non-specific auditory stimulus was given — a 
click of a switch. In the second part of the Table the formerly neutral stimulus (M40) 
is reinforced, after it has acted for 30", with 10 gms. of food. It is to be noted in this 
Table that the cardiac OR has nearly disappeared owing to repetition of the stimulus 
and that a cardiac cr is beginning to be formed. 


time 

sxm. 

b 

H 

d 

SS 

I 

OR 

us (10 cu. Fd.) 

INTERVAI. 

i 

S 

i 

0' 





30' 

0' 




30' 

0' 




30' 

14:55 

m 

23 

92 

96 

93 

91 

114 

96 

106 







90 

94 

89 

90 





91 

15:00 

IS 


92 







154 

163 

115 

114 

95 

95 

92 


91 

94 

84 

96 

91 

15:03 


24 

97 

103 

102 

91 

91 

91 

89 







86 


90 

91 

86 

86 


















96* 






89 

15:06 

M40 

25 

90 

97 

98 

95 

84 

85 

91 







88 

98 

89 

91 

88 

82 
























89 

15:0S 

M40 

26 

93 

S6 

101 

S4 

90 

92 

94 







80 

88 

88 

86 

88 

85 

86 

15:11 

M40 

27 

86 

S2 

88 

82 

91 

ro!«l 

S5 







81 

89 

92 

104 

114 

77 


















95 

78 

72* 




89 

15:14 

Fd. 


83 







14G 

(115) 

98 

89 

73 

79 

84 

88 

80 

66 

79 

79 


















71 

86 

79 

70* 



78 

15:17 

M40 

2S 

81 

S6 

77 

77 

66 

72 

61 







70 

65 

79 

77 

— 

— 

73 

15:20 

M40 

29 

74 

67 

E 

82 


92 

95 







79 

88 

66 

74 

64 

80 

75 

15:23 

Bu 


73 

60 


70 

66 

74 

76 







63 

82 

60 

84 

79 

77 

74 

15:25 

Bu 


74 

77 

64 

66 

74 

72 

67 







68 

76 

62 

73 

73 

83 

73 

15:28 

M40 


71 

73 

89 

77 

84 

91 

84 







66 

73 

78 

62 

77 

H 

71 


M40 

■ 

86 

86 

91 

85 

88 

m 

88 














Av. 

Bu 

1 

74 

69 

69 

68 

m 

73 

72 

150 

154 



84 

87 

79 

85 

m 

83 

83 


82 




— 

Cooditional Stimulus 




i 






(83) 














15:31 

M40 

31 

m 

72 

64 

77 

76 

61 

73 

(125) 

114 

91 

82 

73 

76 


84 

92 

— 

— 

— 

82 

121 

M40 

32 


84 

84 

— 

— 

— 

— 







(85) 

72 

72 

68 

64 

— 

72 

ISI 

M40 

33 

78 

88 


96 

84 

82 

89 

136 

142 

110 

100 










I_5_l 

H40 

34 

86 

85 

85 



— 

— 

134 

135 

111 

102 

90 









III 

M40 

35 

86 

80 

88 

— 

— 

— 


126 

116 

92 

86 










15:53 

M40 

36 

95 

96 

102 

— 

— 

— 

— 







92 

88 

(89) 

(89) 

84 

88 



















98 

102 

lOS 

91 



















79 

88* 





93 

Av. 



83 

84 

88 

87 

i 

72 

81 

130 

127 

101 

93 

82 

76 

82 

81 

84 

79 

74 

88 

81 


*Readmgs in this line are beyond the 30" period. 


elicited an OR with cardiac accelerations of about 15%. During this 
period a light blinking forty times per minute (L40) was presented as 
a new stimulus for ten seconds on certain days (results shown in Fig. 
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5), but it did not increase the heart rate, although it produced a very 
slight motor OR. Indeed the response to L40 was accompanied with 
a slight decrease in heart rate. After thirty repetitions of L40, it was 
then followed by two biscuits, exactly as with M40. Thereafter when 
L40 was consistently used as a conditional food stimulus it regularly 
elicited cardiac accelerations of about 10%. While L40 readily be- 
came a conditional stimulus for food, it was not as strong a conditional 
food stimulus as M40, nor did it have as much effect upon heart rate, 
after this initial use as a food signal. That visual signals do not 
produce as strong a cr for the dog as the auditory, even when the same 
unconditional stimulus is employed, was j&rst noted in Pavlov’s lab- 
oratory (1). 

When L40 had been firmly established as a conditional food stimulus, 
the new auditory stimulus of air bubbling through water (Bu) was 
introduced, and repeated. The regular OR sequence was observed, 
a fairly marked initial reaction, diminishing on repetition of the 
stimulus. After nineteen repetitions without food, Bu was followed 
by two biscuits. Thereafter, as a conditional food stimulus, Bu elicited 
marked cardiac accelerations, about 18%, as shown in Fig. 5. 

The effect on the heart rate of a lapse of time in restoring an ex- 
tinguished OR is seen in Fig. 5 vuth Bu. On the 28th November 1944 
the cardiac component of the OR had practically been extinguished. 
After two months without using this stimulus it was again used (on 
26th January 1945) and the HR response was nearly as large as it was 
when first used on 24th November 1944. 

The results of somewhat similar experiments on Connie, using the 
stimuli Bu and L40 are shown in Fig. 8. In this dog the HR response 
to new stimuli decreased sharply, rather than gradually, after the 
first time given on each trial da}^ 

With two dogs (Connie and Harry) the cardiac response to the 10" 
sounding of a buzzer was measured forty times. The intensity of the 
OR was markedly different in the two dogs, Harry showing much less 
reaction than Cormie, but both showing the usual diminution of re- 
sponse as the novelty diminished. The buzzer was then made a 
conditional stimulus for artificial se.xual excitation produced by periph- 
eral stimulation. The increase in cardiac response after the buzzer 
had become a sexual conditional stimulus is shown diagramatically 
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in Fig. 5® (Harry). Connie on the contrary showed a slowing of heart 
rate to the buzzer when it was made a conditional sexual stimulus. 
These differences in reaction may be dependent on the temperament 
of the dog. Harry, who showed definite cardiac acceleration to sexual 
conditional stimuli, had extremely hypoactive ORs. This dog is a 
lethargic, slow moving animal of the extreme phlegmatic type, difficult 
to excite with any stimulus.® 

gardiac_compone:ni ofioR.cR AND uR Crooo) 

CONNIE _ iHARRy 

I t 

II OR □ 

II UR ■ 



Fig. 6. CoiivARisoN of Cardiac ORs to Neutral Signals with 1) Cardiac 
CRS TO THE Same Signals after Becoming Conditional Stimuli 
FOR Sexual Excitation and with 2) Unconditional 
Sexual Stimulation 

The cardiac responses of two other animals (Tom and Clare) to a 
new stimulus are shown in Fig. 7. These dogs were accustomed to 
the camera, then repeatedly stimulated for 3 seconds with tones of 

® This measurement of the cardiac component of the conditional sexual excita- 
tion is the first clear index which we have seen of artificial sexual conditioning 
based on peripheral stimulation. 

® In other experiments, persistence and hyperintensity of the OR appeared to 
be a sensitive indicator of general h)?per-reactivity. 
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256 and 512 vibrations per second. In both cases the OR to the new 
stimulus diminished with repetition, altho in a varjdng degree and pat- 
tern in each animal. After approximately thirty repetitions of each 
tone, T256 was followed by a light electric shock to the foot, while 
T512 was given as before without reinforcement. Generalization of 
excitation extending to the conditional stimulus (T512) before differ- 
entiation is also apparent. In the dog Tom a marked OR was there- 
after elicited by T256. The motor component of the OR diminished 
as usual on repetition, but the heart rate response continued to be 
large, as shown in the experiment of May 3 after forty-five combina- 
tions of T256 with shock. 

The dog Clare went through an identical control period and condi- 
tioning process, with results shown in Fig. 7. Altho a slight condition- 
ing occurred on March 11, this dog had to be discarded soon after, as 
she began struggling violently and continuously in the camera and 
could not be used for experimental work. 

OR in Decorticated Dogs. Pavlov had previously noted the existence 
of the OR in decorticated animals, and its failure to be extmguished on 
repetition of the stimulus. Altho we did not have any completely 
decorticated animals in this series; two of our dogs (Checkers and 
Crazy) had been completely decorticated on one side, and on the other 
side the gjnms fomicatus on the mesial surface had been extirpated.* 

These two dogs gave ORs which were not characteristically differ- 
ent in either the motor or the cardiac components from those of normal 
animals. In Checkers the cardiac OR to a tone of 256 vibrations act- 
ing for 5 seconds was characterized by an increase in heart rate from 
120 to 140 (average of first eight readings). In Crazy the heart rate 
decreased from 95 to 86 on the first day the tone was tried (average of 
22 repetitions of the tone on 5 November 1946), and from 92 to 89 on 
the 12 December 1946 (average of 20 repetitions of the tone). This 
animal shows less cardiac change to subsequent repetitions than he 
does to the first repetitions, as would be expected in a normal animal. 

Startle Reflex. Altho the role of the startle reflex in the OR has not 
been investigated, there is nevertheless evidence of a relationship. 
Hunt says: 

~ These dogs, which had been prepared for other experiments, are to be reported 
in detail with Dr. Clinton Woolsey in further studies on the relation of cortex to 
cardiac reactions. 
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“It would also be possible to interpret the startle pattern as an orienting reflex 
in itself. Witness the way that in animals the generalized flexion seems to place 
the animal in a posture particularly suitable for the initiation of flight. I suppose, 
too, that when Kurt Goldstein speaks of startle as a catastrophic response, he is 
also in one way thinking of it as an orienting reflex. 

“In connection with out studies in the startle pattern, we did find in the course 
of extinguishing it that it was subject to disinhibition by other stimuli.”® 

In spite of the fact that the startle reflex may play a role in the OR, 
there are marked differences. The former is a sharp, brief, non- 
directed movement, often appearing to the naked eye as a jerk, com- 
pleted in 0.3 to 1.5 seconds. In contrast to the OR the startle reflex 
as described by Hunt and Landis has a definite pattern “beginning 
with the eye blink and passing downward over the body. The re- 
sponse is too rapid for the eye, coming and going in less than f second 
. . . the initial pattern was followed by less rapid secondary responses, 
viz., orientation to the position of the stimulus” (3). The movement 
in the OR, however, is specifically directed toward the source of the 
stimulus — an alert, forward, steady, focusing — ^aptly described by 
Pavlov as the “what-is-that” reflex. Furthermore the question of 
cardiac changes accompanying the startle reflex has not been definitely 
settled. Professor Hunt writes (to WHO) on 7 January 1947: “It 
was my opinion that while the cardiac reaction did not show uniformi- 
ties of response, a more subtle analysis in the future might reveal such 
imiformities.” There is an indication from the work of Landis and 
Slight (4) that the pulse rate increases but Landis and Forbes (5) 
state it is influenced by the phase of the cardiac cycle during which 
the stimulation takes place. Since they were measuring reactions 
that occurred in less than a second, they could not be certain that HR 
changes were elements of the primary startle pattern. 

^Some indication of the difference in the cardiac rates following a 
startle reflex and those accompanying the OR are shown in Fig. 9: 
there is a sudden and marked rise in HR to a stimulus (dick of a switch) 
which elicited at 2 a quick undirected jerk of the dog (startle reflex) 
without further change, contrasted with the same stimulus which for 
some reason elidted an OR at 1 and 3. 

Whitehom found in the hiunan being to a “startling stimulus” 
“only a slight or questionable emotional change and the heart record 

® Personal letter to one of the authors (W, H. G.) 20 January, 1947. 
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showed little if any deviation from its previous character” (6). His 
results in patients are comparable to the small heart rate changes with 
the OR which we found in some dogs, eg. Harry, who later gave a strong 
OR and also became neurotic. 


iAO 



Heart Rate chance during eating iocms.food and to small auditort stim. 
GOSHA -24 NOV. '4 4 


Fig. 9. Coupamsom of Cardiac Rates before, during, and after 
Eating 10 Gms. of Food with a Neutral SinroLus 
Introduced at 1, 2, & 3 

Note the difference in reaction to the neutral stimulus depending upon “the 
state of the animal.” 


OR AND TEMPERAMENT 

Both the motor and cardiac components of the OR as seen in the 
figs, vary from dog to dog as well as with different stimuli. In general 
a dog that gives a strong OR to one stimulus will give a strong OR to 
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all stimuli. The most phlegmatic dog Harry— a very slow moving 
lethargic type hound — did not give an OR judged by heart rate tho 
he did in movement to two tones and a buzzer. On the other hand 
most dogs considered excitable in their ordinary behavior show a 
definite OR both motor and cardiac. The question of temperament 
is a complex one, and a satisfactory means of studying temperaments 
has not been seen in this laboratory. 

COMPARISON OF CARDIAC AND MOTOR COMPONENTS OF THE 
ORIENTING REFLEX 

Tables I and II show the parallel readings of the HR and the ob- 
served motor components of the OR. In Table I the HRs during 
which there was a motor OR observed, i.e., a turning of the dog or 
other directed movement, are in itali<S; with stimulus munber 1 for 
example, there is a motor OR during the whole 30 seconds but the 
HR fluctuates from 106 at the beginning to a low point of 79 between 
15 and 20 seconds.^ An examination of these records show that the 
HR may go up without a movement being made and that vice versa 
a movement may continue without increase of HR; there is not always 
a temporal parallelism between the cardiac and the motor component. 
In general the cardiac component appears earlier than the motor. 
Thus with stimulus number 3 the HR goes up from 83 to 94 within 
5 seconds while there is no movement made until 8 seconds, and tho 
the movement continued imchanged until the end of the metronome 
the HR drops from a peak of 114 at 10" to 73 at 25".^“ 

In general, however, one finds a high correlation between the ob- 
servation of the motor components of the OR and the heart rates 
recorded during the time of these movements. We find in the dog 
Gosha those movements marked “strong” accompanied by heart rate 
of 91 (median of eight 5 second readings); movements marked “me- 
dium intensity” by HR of 86 (median of sixteen 5 second readings); 

® Also those HRs coinciding with the eating movements (chewing, swallowing) 
are in bold face in the column “Food,” and the HRs during the act of licking the 
food box (without food) are starred. 

Both Whitehom (6) and Hofiman (unpublished data from this laboratory) 
have shown that heart rate changes more often precede than accompany simple 
changes in position where there is no apparent motivation. 
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movements marked “weak” by H!R of 80 (median of twenty-four 5 
second readings). (The observed movements were marked without 
knowledge of the heart rates). There is thus a close parallel between 
the intensity of the motor and cardiac components in a given animal. 

RELATIONSHIPS BETWEEN OR, CRS AND OTHER EACTORS 

How one and the same stimulus may produce varying effects at 
different times depending on some unknown factor, most probably 
the state of the animal , is seen in Fig. 9 when at one moment a slight 
clicking noise produces an OR and a few minutes later in the same ani- 
mal a startle reflex with markedly higher HR. It appears that the 
state of alertness of the animal, the mood or attitude, the previous 
stimuli, the degree of himger and a number of such factors may de- 
termine whether a new stimulus will elicit an OR or some other t3^e 
of response. 

The OR to a new stimulus modifies the other responses of a subject 
depending upon temporal relations determining the state of the 
organism. If the new stimulus elicits an OR during the early part of 
a delayed cr it inhibits the inhibition (disinhibition) resulting in a 
prompt appearance of the cr which is normally inhibited during the 
first stage of the delayed cr. If the new stimulus elicits an OR during 
the second stage of a delayed cr, i.e., when the cr is appearing, the OR 
inhibits the activity, resulting in a complete inhibitory state (7). 

In the previous pages are numerous observations on the relationships 
between salivary reactions and the OR. These facts are of interest 
not only in connection with the OR but as evidence of the importance 
of the state of the organism for dete rminin g what effect a given stimu- 
lus wiU have. 


DISCUSSION 

The cardiac component of the OR is of interest therefore for both a 
description of the OR and in the detailed study of the cardiac crs. 
Previously the OR (reaction of the animal to a new stimulus or change 
of the environment) could not be evaluated because of the crude 
method of measurement — the casual observation of ordinary move- 

** This term is used to cover factors probably in the animal, not always known, 
when the external environment is kept apparently constant. 
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ments. The study of the cardiac component provides not only a quan- 
titative objective measure but a more complete picture of what is 
happening to the organism. Although the cardiac is probably the most 
reliable index, a consideration of all the components (motor, salivary, 
respiratory, cardiac) is not to be minimized. 

The comparison of the various components of the OR present a 
somewhat varying picture depending upon what measures we use: 
if we adhered to any one component we would come to slightly differ- 
ing conclusions. Synthesizing the components we arrive at a point 
similar to what obtains with a repeating decimal: the more measures 
we take the nearer we come to the truth and though we can approach 
the real answer we can never arrive at it completely. An increase in 
the number of components that are objectively recorded always brings 
us closer and closer to the whole picture and even though our synthesis 
can never correspond exactly to the thing represented it may, provided 
we are careful, serve our practical purposes. 

In animals subjected to severe nervous strain ia the laboratory we 
have observed the reappearance of an OR which had been inhibited, 
or a marked increase in its intensity, if only partially iohibited, and 
in nervous patients we have noted exaggerated ORs. Such observa- 
tions have led us to suspect that the persistence of a strong OR may be 
an indication of susceptibility to breakdown, or its reappearance may 
be a symptom of approaching acute nervous disturbance, as well as 
a pattern of iminhibited reactivity. It is usually exaggerated in 
anxiety states. In World War 11, in soldiers returned from combat, 
with acute neurotic breakdown, but not in non-neurotic soldiers re- 
turning from combat, it was frequently noted that there were exag- 
gerated responses to neutral stimuli — startle, tremor and somatic 
complaints, alteration of heart rates and of respiratory patterns.** 
Perhaps these reactions are components or phases of an orienting re- 
flex. 

The reappearance of the OR under nervous stress may represent a 
disinhibition of cortical inhibition, releasing the subcortical reflex 
(OR) . It may be a result of the general weakening of cortical processes, 

** The valuable observations made by Victor H. Rosen and W. G. Reese on such 
soldiers are the basis of the above statement. These wiU be published in detail. I 
am indebted to Dr. Rosen for the account. 
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the most labile of which are the inhibitory. Thus we see the ORs 
becoming prominent during certain stages of the action of alcohol 
(8, 9), or of narcotics. Wolff and Gantt (10) have noted the appear- 
ance of the formerly inhibited ORs in both the incipient and emerging 
stages of anesthesia just at the time the crs were disappearing or as 
they began to reappear. ' 

From the marked increase in HR to new and unaccustomed stimuli 
(auditory, visual) or to simply a change of environment it is apparent 
how a normal heart can be stimulated and a failing heart possibly 
placed imder a burden by any quick changes of the environment, and 
by the law of extinction of the OR through repetition how the city 
dweller remains less stimulated by the metropolitan routine than the 
rural visitor. This brings up such questions as what constitutes 
healthy and beneficial and what harmful stimulation for the normal 
as well as for the pathological heart? 

StUEMARY 

A stimulus which had no previous known association for the dog 
produced in most animals an “orientation” toward the stimulus 
(turning, pricking ears, etc.). This orienting reflex was characterized 
by directed muscular movements, and by respiratory, salivary, and 
cardiac reactions, which were present even in dogs deprived of most of 
the cortex. The cardiac is the most definite, the most constant and 
the most easily evaluated of all these reactions. The OR disappears 
in most individuals (both dog and human) after several or more repeti- 
tions of the neutral stimulus; its persistence, a sign of hyperreactivity, 
is seen in both animals and patients. 

We desire to thank Dr. Whitehom for his suggestions, and for his 
generous help in the organization of the data of this paper. 
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I^URINOMAS OF THE CEREBELLOPONTELE RECESS 


A Clinical Study of One Hundred and Sixty Cases 
Including Operative Mortality and End Results 

ANTONIO GONZALEZ REVILLA, M.D. 

From the Department of Surgery {Neurosurgery), The Johns Hopkins Hospital 

Neurinomas of the cerebellopontile recess have been the subject of 
magnificant monographs (5,18) in which the so-called syndrome of the 
cerebellopontile angle has been elucidated. In the course of clinical 
studies of patients with proven neurinomas, we have found such wide 
variations in the incidence, chronology of symptoms and signs that 
we deemed it worthwhile to review aU the cases operated on at the 
Johns Hopkins Hospital in a period of twenty years. In a subsequent 
communication we shall analyze all other tumors seen in this location 
in the same period in order to clarify the differential diagnosis. 

From 1926 to 1945 a total of one hxmdred and sixty cases of 
neurinomas of the cerebellopontile recess have been found at operation. 
The operation was performed in almost every instance by Dr. Walter E. 
Dandy. 

The accompanying table will give the relative incidence of these 
tumors in regard to the cranial nerves affected as well as their solitary 
or multiple locations. 

UNILATERAL ACOUSTIC NEURINOMAS 

It is common knowledge that neurinomas occurring in the posterior 
fossa originate predominantly from the Vlllth N., and in our series 
there were 145 (90 per cent). 

Etiology: The relationship of trauma and infection in precipitating 
symptoms have been emphasized sporadically in the literature. 
Twenty-one cases (13.8 per cent) gave a history of infection or trauma 
coincidental to the initiation of symptoms. In ten of them there was 
definite history of middle ear infection on the same side as the lesion. 
Three cases dated their sj-mptoms from an attack of influenza and one 
during the course of typhoid fever. Five gave a history of trauma on 
the affected side of the head with transient loss of consciousness and 
two related their impairment of hearing to pistol shooting. 
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Many arguments have been put forward that neurinomas at the 
angle are a manifestation of von Recklinghausen’s disease. However, 
one marvels at the low incidence of peripheral lesions in this series, 
only three such cases occurring in this group. These shall be dis- 
cussed separately due to some important dinical diSerences. 

The hereditary tendency of these tmnors has also been mentioned, 
but not a single instance of these one hundred and forty-five cases was 
encountered in contradistinction to the bilateral tumors where this 
tendency appears to be quite definite. 

Incidence: 1. Sex: Ninety-one females (62,8 per cent) and fifty-four 
males (37.2 per cent) were affected. Why females should be more 

TABLE 1 

Neurinomas oj the cerehdlopontih angle 


Unilateral acoustic neurinomas 145 

Bilateral acoustic neurinomas 6 

Unilateral acoustic neurinomas and von Recklinghausen’s neurofibromatosis 3 

Neurinomas of the Vth N 3 

Neurinomas of the Xth N ._. 2 

Neurinomas of the Xlth N 1 

Total 160 


predisposed to these neoplasms is not apparent, but this is also true in 
the meningiomas and in many of the gliomas in this location. These 
figures correspond closely with those given by Cushing (5) and Olive- 
crona (24), but not by Henschen (18) who found no definite 
predisposition. 

2. Location: There was no significant predilection of sides. 46.9 per 
cent were present on the right and 53.1 per cent on the left. 

3. Age: The average age on admission was 44.1 years, the youngest 
19 and the oldest 69. However, the average age at the onset of 
s>Tnptoms was much earlier; e.g., 39.6 years, the youngest 12 and the 
oldest 69. Consequently, an average of 4.5 years has elapsed between 
the onset of symptoms and the time of admission to the hospital, the 
shortest being 6 weeks and the longest 20 years. These figures are a 
little higher than Cushing’s (5) who gives 38.1 years as the average age 
on admission and 34.1 years as the age of onset (30 cases). These 
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figures should be remembered in discussing other tumors at the angle as 
they may be of importance with respect to differential diagnosis. 

Chronology of Symptoms: Since the publication of Cushing’s classical 
dissertation on acoustic tumors emphasis has been placed repeatedly 
on the chronology of symptoms postulated by him, namely; 1. Audi- 
tory and labyrinthine manifestations; 2. the occipito frontal pains with 
suboccipital discomfort; 3. the incoordination and instability of cere- 
bellar origin ; 4. the evidences of involvement of adjacent cranial nerves ; 
5. the indications of increased intracranial pressure with a choked 
disk and its consequences; 6. dysarthria, dysphagia and finally so-called 
cerebellar crises and respiratory diflBculties. Nielsen (24) , in reviewing 
Olivecrona’s 130 cases, points out that most of his cases followed this 
pattern and Olsen and Horrax (25) in their series of 52 cases found out 
that this chronologic order of s)Tnptoms was almost infallible. They 
concluded that if the complex of s3miptoms was not typical some 
other type of tumor was likely to be present. 

In a careful review of our cases we find a great variance in the chrono- 
logic order and no definite pattern can be discovered. Only 45 cases 
(31 per cent) followed the chronology postulated by Cushing. In 30 
per cent the Vth N. was affected shortly after the onset of auditory 
and labyrinthine disturbances. Incoordination and other manifesta- 
tions of involvement of the cerebellar pathways followed symptoms 
referable to the Vlllth N. in 20.7 per cent. Headaches, occipital 
pains or suboccipital discomforts preceded even the auditory manifesta- 
tions in 12.4 percent and in 6 per cent no definite pattern was followed. 
This great variation may be easily explained by the relative vicinity of 
the anatomical structures at the cerebellopontile recess, by variation in 
the degree and direction of the growth and by individual anatomical 
differences. 

Subjective Disturbances: Auditory and labyrinthine: Subjective evi- 
dence of either auditory or labyrinthine disturbances was present in 
every case. History of diminution of hearing was elicited in all but 
one, in spite of the fact that there was no objective evidence of hearing 
loss in five, as we shall see later. 

Tinnitus was present in 62.3 per cent, being bilateral in nine and 
contralateral in three. It usually appeared simultaneously with the 
subjective impairment of hearing, less frequently followed it and 



NEXTRINOIIAS OE CEREBELLOPONTILE EECESS 


257 


rarely preceded it. In only one case tinnitus was present without 
appreciable loss of hearing. 

Dizziness was elicited in 40.8 per cent, far less frequent than tinnitus. 
In half of the cases it was described as true rotary vertigo and in the rest 
as a sensation of subjective dizziness or loss of balance. Dizziness 
usually followed impairment of hearing, occurring less frequently 
before or simultaneously. 

Auditory and labyrinthine disturbances represented the initial 
s 5 Tnptom in 68.6 per cent of the cases, in four of which they repre- 
sented the only symptoms present on admission and were operated on 
subsequently with the preoperative diagnosis of Meniere’s disease. 

Cerebellar: Cerebellar s 3 Tnptoms were next in order of frequency in 
this series. They occurred in 86.2 per cent and usually affected the 
upper and lower extremities on the same side as the lesion. The 
usual complaint was either unsteadiness in walking, staggering or 
clumsiness of one extremity. Three cases gave a history of bilateral 
cerebellar involvement, one of disturbances on the contralateral side 
and in three incoordination of the ipsilateral arm alone. In 3.1 per 
cent cerebellar disturbances were the initial symptom. The average 
duration of cerebellar symptoms was 8 months and the average time 
interval between the acoustic disturbances and these manifestations 
was 3 years. 

Headaches: They were shghtly less frequent than the cerebellar 
disturbances, occurring in 68.2 per cent. They represented the initial 
symptom in 12.4 per cent. The headaches were mostly localized in the 
occipital region, although at times they were described as suboccipital 
discomfort or pain behind the ear. In other instances they tended to 
radiate to the frontal region on the homolateral side; this type of 
radiation being present in half the cases. In eighteen cases the 
headaches were generalized and in nineteen cases they were only bi- 
frontal. Vertical headaches or a sensation of fullness in the head were 
experienced in four cases. Curiously enough, in only sixteen cases the 
headaches were increased by coughing, sneezing and straining, con- 
trary to the experience of other observers. 

The average duration was 1.5 years and the interval between the 
onset of headache and the auditory disturbances was 3.3 years. 

The relationship between headaches and pressure upon the trigeminal 



258 


ANTONIO GONZALEZ REVILLA 


nerve has been mentioned by others (25), and we thought it interesting 
to try to correlate these s 3 miptoms. In one hundred and twenty-one 
cases (83.5 per cent) headaches and trigeminal symptoms existed to- 
gether or separately. Headaches preceded Vth N. S 3 Tnptoms in 
thirty-one cases with an average interval of 1.9 years. On the other 
hand, Vth N. symptoms preceded headaches in twenty cases with an 
average interval of 2.2 years. Headaches were present without tri- 
geminal mainifestations in forty patients and converesely trigeminal 
symptoms occurred without headaches in twenty-two. Both symp- 
toms appeared simultaneously in only eight cases. This correlation of 
figures would tend to disprove the previous assertion, but one is 
struck immediately with the similarity of the duration of headaches 
and trigeminal symptoms, e.g., 1.5 and 1.6 years, respectively, as well 
as the time interval between these symptoms and the acoustic dis- 
turbances, 3.3 years in each instance. Then these figures would tend 
to show that pressure of the neoplasm on the Vth. N. might be mani- 
fested by headaches or by disturbances in the sensory distribution of 
this nerve on the face, although one cannot escape the fact that acoustic 
tumor headaches may also be produced by pressure on the neighboring 
meninges, vessels and possibly on the IXth N. 

Trigeminal: Symptoms referable to involvement of the trigeminal 
nerve were found in 56.5 per cent. Numbness of the face was the 
predominant manifestation occurring in sixty-three cases; it was 
mostly on the same side as the lesion, being contralateral in one and 
bilateral in another one. Tingling was present in five and burning 
in one. 

Typical tic douloureux, with or without numbness, was present in 
sixteen cases, contrary to the experience of Cushing who did not find a 
single instance in his series. However, there are scattered reports in 
the literatmre confirming this finding. Dandy’s (7, 8, 9) observations 
being outstanding. The pain was almost invariably unilateral; in 
only one instance it appeared opposite the side of the lesion and at 
operation in this case it was found that the tumor extended beneath the 
brain stem to the opposite side. Of these cases, eleven were admitted 
with the chief complaint of tic doidoureux and with this diagnosis they 
were operated on. At operation through the unilateral cerebellar 
approach typical neurinomas were found at the angle. These cases 
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have been summarized by us in a previous communication (IS) and in 
analyzing them we found that there was miiiateral impairment of 
hearing in ten, which was not considered significant at the time, if the 
age group between 50 and 70 years was taken into consideration. 

Subjective involvement of the motor root was elicited in two. 

The average duration of trigeminal symptoms was 1.6 years and the 
time interval from the auditory s 3 Tnptoms was 3.3 years. The simi- 
larity of these figures with the ones found in headaches has already been 
remarked upon. 

Symptoms referable to other cranial nerves: There was no subjective 
anosmia in any of the cases. Disturbances of vision will be discussed 
subsequently under symptoms produced by increased intracranial 
pressure. Subjective manifestations of Vlth N. involvement were 
elicited in 17.7 per cent (25 cases) although objectively could be 
corroborated in only twenty-one cases. The average duration of 
diplopia was 1 year and the interval from the onset of acoustic dis- 
turbances was 4.3 years, therefore occurring rather late in the course of 
the illness and it never preceded the Vlllth N. symptoms. 

The Vnth N. was subjectively affected in 15.8 per cent. In fifteen 
cases there was a history of facial weakness on the same side as the 
lesion. Ipsilateral spasms of the facial musculature occurred in four 
cases and tj'pical gustatory fits were present also in four. The dura- 
tion of facial s 3 Tnptoms was 5.2 years and the interval from the onset of 
auditory disturbances was 3 years. Facial manifestations always 
followed symptoms referable to the \TIIth N. 

Dysphagia and dysarthria were present in 16.5 per cent, with a 
duration of 0.5 years and an interval from the onset of acoustic symp- 
toms of 2.5 years. They followed auditor}-- disturbances in every 
instance. 

The Xlth and Xllth Nerves were not affected subjectively. 

Symptoms due to increased intracranial pressure: It is quite difficult 
to determine subjectively what constitute the symptoms of intracranial 
h}'pertension. Evidence has been presented (32) that the headaches in 
intracranial neoplasms are predominantly due to pressure of the tumor 
on neighboring structures and not due directly to increased intra- 
cranial pressure. Furthermore, as explained above, we think that 
acoustic tumor headaches, especially, are produced by pressure of the 
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growth on the sensory root of the trigeminal, neighboring meninges and 
vessels and possibly on the IXth N. In any event, headaches in this 
t3T)e of tumors come relatively early, sometimes representing the 
initial symptoms, and in many instances they were not associated 
with objective evidence of increased intracranial pressure. Blurring 
of vision might be considered a sign of increased pressure if associated 
with papilledema. Papilledema, however, might be present with no 
subjective evidence of diminution of vision, and, furthermore, increased 
intracranial pressure might exist without papilledema. Nausea and 
vomiting are symptoms of increased intracranial pressure but might 
also be associated with attacks of rotary vertigo, which were not 
uncommon in this series. Loss of sphincteric control and loss of con- 
sciousness are late manifestations, quite rare in this group of cases and 
therefore not good criteria. So it is obvious that an accurate estimate 
of the onset of s)miptoms of increased intracranial pressure is hardly 
possible. However, we have listed as symptoms of intracranial 
hypertension, blurring of vision associated with papilledema on ex- 
amination and nausea and vomiting not accompanied by attacks of 
vertigo. There were 62 cases (47.2 per cent) f ulfillin g these criteria. 
However, there were thirty-six additional cases showing papilledema on 
admission without subjective evidence of blurring of vision or nausea 
and vomiting. The average duration of symptoms was 1.1 years and 
the time interval from acoustic manifestations was 4.5 years. 

Tonic convulsions: We have carefully avoided the use of the term 
“cerebellar crises” as proposed by Jackson (19) and used by other 
authors. Most authorities are inclined to attribute them to lesions in 
the brain stem, most likely in the midbrain. There were only six 
cases (4.1 per cent) who gave a history of tonic convulsions, all of which 
occurred as very late manifestations. Four of these patients re- 
covered after the operation and two died, showing, therefore, that when 
this stage is reached there is stiU chance for recovery, contrary to the 
\dews of others. 

Objective Findings: State of consciousness: On admission most of 
these patients were alert and cooperative. One hundred and thirty- 
four (92.4 per cent) showed no disturbances of consciousness. Six 
(4.1 per cent) were drowsy and confused and five (3.5 per cent) were 
comatose. 
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Cranial Nerses: I. Anosmia has been described by others as a com- 
mon feature in cases with increased intracranial pressure. In our 
series, however, it was quite rare and appeared in only three cases, 
being bilateral in all. 

n. There was no impairment of visual acuity in ninety cases (68.1 
per cent). Partial diminution of vision was elicited in forty-four cases 
(30.3 per cent), one of which showed complete loss of central vision. 
Total loss of vision was present in eleven (7 .6 per cent) . It is interest- 
ing to notice that in one case there was a history of visual 
hallucinations. 

The visual fields were reported as normal in all the cases with normal 
vision. In patients with impaired vision the fields were reported as 
normal in half of them, the other half showing concentric constriction 
or bizarre changes. 

Papilledema was a common, but not a constant finding, occurring in 
ninety-eight cases (66.5 per cent). It was described as slight in nine- 
teen, moderate in fifty-one and massive in twenty-eight. Retinal 
hemorrhages accompanied choking of the discs in nineteen cases. 
They were not recorded as an isolated finding. Secondary optic 
atrophy was present in eighteen and macular degeneration in one. 

m, IV and VI. Pupillary abnormalities were quite rare. One 
patient showed the ipsilateral pupil to be large and fixed, and another 
showed both pupils to be large and fixed without ptosis or limitation of 
the extraocular movements. Ptosis of the eyelids was not recorded in 
a single instance. Paralysis of the rectus extemus was less frequent 
than we would expect in patients with intracranial neoplasms. It 
was present in twenty-one cases (14.5 per cent), being ipsilateral in 
twelve and bilateral in nine. 

V. The Vth N. was, with the exception of the ViUth, the cranial 
nerve most commonly affected; in fact, it was almost a constant 
finding in our series. One hundred and twenty-five cases (86.2 per 
cent) showed some degree of sensory impairment either on the face 
or comeae. This figure would inaease if seven cases of tic douloureux 
without demonstrable sensorj' changes are included, boosting the total 
to one hundred and thirty-two cases (91 per cent). The comeal reflex 
was either diminished or absent in one hundred and twenty-two, in 
fourteen of which the involvement was bilateral. Complete or partial 
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sensory changes in the face or tongue were elicited in ninety-three, in 
three the involvement was bilateral, and in one in which the comeal 
involvement was ipsilateral, the sensory loss was contralateral. 
Comeal and facial sensibility were affected simultaneously in ninety- 
one cases. 

Involvement of the motor root was quite rare, occurring in nine 
cases (6.2 per cent). The temporals, masseters and pterygoids were 
similarly affected. In only one case was the involvement bilateral. 
From this rare involvement of the motor branch we may derive that 
these neoplasms rarely grow as far forward as to impinge on the motor 
root of the Vth N. 

VII. As the Vllth N. is in close association with the Vlllth N. one 
would expect a large incidence of facial paralysis in this kind of tumor. 
This is not the case, however. Facial paralysis was present in seventy 
cases (48.3 per cent) . In fifty-three cases the paralysis was incomplete, 
affecting mostly the lower two-thirds of the face and in many instances 
was confused with the central type. Typical complete Bell’s palsy 
was quite rare, occurring in seventeen cases. In one case the facial 
paralysis was contralateral to the lesion and in another there was 
bilateral involvement. 

Tests for taste, unfortunately, were not done in most of our cases so 
they are not included in this study. It is interesting to note, however, 
that in four cases there was absence of taste in the anterior two-thirds 
of the tongue on the affected side, without apparent facial weakness, 
indicating that taste fibres might be affected at times much earlier than 
the motor fibres. 

\TII. a. Auditory: Audiograms were taken in every patient except 
in one who was comatose on admission. Four other comatose patients 
had audiograms performed elsewhere previous to admission Com- 
plete or partial deafness was the most common sign in our series. The 
neurogenic type of deafness was confirmed in all affected. One 
hundred and thirty-nine cases (95.8 per cent) showed var3dng degrees 
of impairment of hearing: complete loss was found in one hundred and 
seven and partial in thirty-two. The impairment of hearing was 
almost invariably homolateral but in five cases it was bilateral. In 
cases showing partial involvement, the deafness was more marked for 
higher tones in the ear on the affected side (audiogram no. 1) as com- 






264 


ANTONIO GONZALEZ EEVILLA 


pared to the opposite ear. This difference is really more marked than 
the usual deficit we see in otherwise normal middle-aged individuals. 
In five cases there was no significant change in the audiogram (audio- 
gram no. 2), but vestibular tests were absent on the affected side. A 
typical case of this anomalous group is summarized briefly as follows: 

Case no. 136. M. P., W .F., 35, Hist. no. 33919. Admitted De- 
cember 26, 44 with the history of intermittent bifrontal headaches for 
ten years. These headaches were mild in the beginning and the pa- 
tient did not think much of them until a few months before admission 
when they became more severe, more or less constant, this time 
localized in the left suboccipital region with radiation to the frontal 
region of the same side. For three months previous to admission there 
had been some diminution of vision. No history of nausea, vomiting or 
acoustic disturbances. Neurologic examination on admission revealed 
bilateral papilledema, 2-3 D., questionable diminution of the left 
comeal reflex which was considered as normal by other observers, and 
rotary nystagmus which was more pronounced on looking to the left. 
Audiograms revealed a normal hearing. Vestibular tests were not 
performed. X-rays of the skull, normal. A ventricular air injection 
was performed on the 27th of December and the ventricles appeared 
normal in size with no shift and no evidence of obstmctive lesion. 
On December 29th a lumbar puncture was performed to determine 
the degree of pressure and was found to be 450 mm. of c.s.f. The 
diagnosis of pseudotumor cerebri was made and on the 30th of De- 
cember a subtemporal decompression was performed. On the fourth 
post-operative day a peripheral facial paralysis developed on the left 
side. Vestibular tests were then performed and there was no response 
on the left. The presumptive diagnosis of acoustic neurinoma was 
then made and on the 5th of January she was operated on by the 
unilateral cerebellar approach on the left and a tumor was found at the 
angle arising from the VHIth N. Weight: 12.5 gms. Histological 
diagnosis: Neurinoma. 

In this case the true nature of the intracranial process could have 
been diagnosed properly had the caloric test been performed in the 
beginning. This does not mean that the vestibular response is ex- 
pected to be diminished or absent in every case of acoustic neurinomas 
because this is not true as we shall see later. 
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b. Vestibular: It is unfortunate that vestibular tests were not per- 
formed in all eases, as the diagnosis in most of them was so obvious 
that it did not appear necessary to subject the patient to additional 
diagnostic procedures. The cold caloric test was invariably used, and 
was performed in eighty-seven cases, seventy-seven (88.6 per cent) 
of which had impairment of the vestibular function on the same side of 
Hie lesion . In sixty-six the loss was total and in eleven partial. There 
was bilateral impairment of function in five and in one case the loss of 
function was contralateral to the side of the hearing deficit. In ten 
cases there was no loss of vestibular function but the hearing was 
definitely affected. 

From the foregoing we must conclude that in neurinomas of the 
Vlllth N. we must expect involvement of both the cochlear and the 
vestibular branches, or at least one of them. This conclusion follows 
closely the results of Henschen and Cushing, diverging from the views 
of Bfirany (2), and Olsen and Horrax (25) who claimed that we should 
invariably expect disturbances of the vestibular fibres. Others go even 
further in stating that these tumors, therefore, must originate pri- 
marily from the vestibular component. This last statement, we 
believe has been convincingly disproved by the work of Hardy and 
Crowe (17), who upon examining serial sections of temporal bones in 
two hundred and fifty autopsies found small acoustic tumors in six, the 
vestibular nerve being involved in four and the cochlear in two. 

Other cranial nerves: Involvement of other cranial nerves was 
quite rare in our series. There was objective evidence of loss of 
sensation of the palate in ten cases. Ipsilateral paresis of the palate 
in thirteen and of the vocal cord in six. The Xlth N. was even less 
often affected, occurring in only six cases. Atrophy of the tongue 
on tlie affected side was present in three instances. 

CcrcbcUar signs: a. Nystagmus: Although there is stiU some debate 
al>out tlic source of nystagmus in acoustic tumors, it is the general 
concensus of opinion that its origin is definitely cerebellar. As pointed 
out by Ford (13), in n 3 'stagmus of cerebellar origin the eyes tend to 
seek a rest point situated from 10 to 30 degrees from the midUne on 
the side contralateral to the lesion. On looking to the affected side, a 
coarse horb.ontal nystagmus is observed in which the slow phase is 
towards the rest point, but when the eyes arc moved beyond the rest 
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point on the contralateral side, a finer, more rapid nystagmus is seen. 
The slow phase is again to the rest point. Ford states, furthermore, 
that this is a fijcation nystagmus as is reduced or abolished when the 
eyes are covered and, therefore, may be distinguished from vestibular 
nystagmus by the fact that in the latter the slow phase is always 
toward the injured side and that it is increased by preventing fixation. 
Almost invariably our cases are described as showing these character- 
istics and this is the main reason for induding nystagmus as a cere- 
bellar sign. Although a common finding in this series, it is not con- 
stant. It was present in one hundred and five cases (72.4 per cent). 
The nystagmus was mainly of the coarse horizontal type (nine-three 
cases), rotary nystagmus being quite infrequent and occurring in only 
twelve cases. There was not a single instance of vertical nystagmus 
in our series. 

b. Incoordination; Incoordination of cerebellar origin was as fre- 
quent an objective finding as the signs referable to the trigeminal 
nerve. It was found in one hundred and twenty-five cases (86.2 per 
cent) . Incoordination usually affected the arm and leg on the affected 
side (sixty-nine cases), being bilateral in ten and affecting the homo- 
lateral arm alone in eleven. Both arms were involved alone in three 
and the homolateral leg was affected solitarily in one. The Romberg 
was positive in sixty one and the gait was definitely ataxic in one 
hundred and fourteen cases. 

Pyramidal changes: They were relatively rare and usually occurred 
in well advanced cases where there was definite indication of pressure 
on the brain stem. They were present in twenty-seven cases (19.6 
per cent), being contralateral to the lesion in nine, on the same side in 
eight and bilateral in ten. 

Sensory changes: Sensory changes in the body and extremities were 
even less common and were present in only seven cases (4.8 per cent) 
being ipsilateral in four, contralateral in two and bilateral in one. 

Roentgenological diagnosis: In every case where the diagnosis of an 
acoustic tiunor was suspected, stereoscopic films of the base of the 
skull were taken in an attempt to visualize the porus acousticus, the 
Towne’s position being rarely used. Unfortunately, we were able to 
find reports in only one hundred and fourteen cases. Of these, fifty- 
two (50 per cent) showed either enlargement or definite destruction of 
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till; internal auditory orifice, seven showed just evidence of increased 
intracranial i)ressure as evidenced by destruction of the sella turcica 



Fit'.. 2. X-ray of ilic hapc of the skull (M. R. Ili>i. No. .t0047I) showing marked 
de-truclion of the left porous acousticus from an acoustic neurinoma. 

and increase iit the convolutional markin"s. Forty-five cases did not 
show any abnormalities. (See Fig. 2.) 
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Air studies were rarely performed, being done in eight cases where 
the diagnosis was in doubt. Ventriculography was used in all of them. 
In five of these cases the ventricles were markedly dilated with definite 
evidence of a block at the aqueduct of Sylvius. In one case there was 
moderate dilatation of the ventricular system with no evidence of 
block or any other deformity. In two cases the ventriculograms were 
completely normal, showing small symmetrical ventricles with no 
e^^dence of obstruction. In none of these cases could the deformity 
of the ipsilateral occipital horn as described by Stone and Schulze (29) 
be visualized. 

Lumbar Puncture: As lumbar punctures are definitely contraindi- 
cated in neoplasms of the posterior intracranial fossa for obvious 
reasons, the}'' were not done in any except in one case, summarized 
elsewhere, in which the diagnosis was in doubt, the lumbar puncture 
being done with the sole purpose of measuring the pressure. As no 
fluid was withdrawn there was no report of its protein content, which 
has been found increased in many instances by others. 

Ventricular Size: An approximate estimate of the size of the ven- 
tricles could be obtained in seventy-eight cases by tapping the occipital 
horns through posterior trephines as a preliminary step in the actual 
operative procedure. Forty-seven (60.3 per cent) showed marked 
dilatation of the ventricles. Moderate dilatation was present in 
thirteen (16.6 per cent). In one case the ventricles were slightly 
dilated. In five (6.4 per cent) they were found to be normal in size^ and 
in twelve (15.4 per cent) they appeared quite small. No accurate 
estimate of the ventricular pressure was obtained, the only criterion 
being the objective degree of force displayed by the fluid on tapping 
the ventricles. Mhrked pressure was reported in sixty-two cases (82 
per cent) and the pressure was considered normal in fourteen (18 
per cent). 

Weight of the tumor: It was not possible to obtain a true idea of the 
weight of the tumor because in about 75 per cent of the cases it was 
cystic and in many instances the cystic portion represented its major 
bidk. So the figures we are giving represent the solid contents of the 
tumor, including the capsule. Weights were recorded in one hundred 
and thirty-five cases, the smallest being 1 gm. and the largest, 70 gms., 
with an average of 18.9 gms. The weight of the tumor itself did not 
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have special bearing on the technical part of the operation as %vc find 
eases in which the larger tumors were easier to remove than the deep- 
seated smaller ones. However, it seems that the weight of the tumor 
has some relationship with the ultimate operative result, as we shall see 
later. 

Operation and Operative Mortality: In discussing tlie operative 
technique and mortality in this series, we consider it worth while to 
make a brief re\-iew of the evolution of the modem operative technique 
as developed by Dandy. Cotterill (3) was perhaps the first to use the 
bilateral cerebellar c.\-posure, but it was not until Cushing’s introduction 
of the crossbow incision (4) that an adequate e,vposurc of the cerebellum 
could be obtained. Krause’s (20) improvement on the unilateral 
approach introduced by Woolsey (33), but prexiously used by others, 
although used witli disastrous results in the removal of acoustic 
tumors, oflercd a \aluablc contribution to the ultimate development of 
Dandy’s method. Up to Cushing’s lime, eveiy attempt in removing 
these tumors was a depressing one and his contribution of intracapsular 
curcttcmcnt (4) was the most important contribution up to that lime. 
In his monograph on acoustic tumors he doubted whether these tumors 
could ever be totally enucleated with satisfactorj* results. Shortly 
aftenvards, Dandy (6) published his prcliminarj’ report on the total 
c.vtirpation through the bilateral cerebellar approach by painstaking 
di.'^scctinn of the capsule after intracapsular evacuation of the contents. 
A few years late Dandy (10) modified the crossbow incision and intro- 
duced the transverse incision for bilateral e.\posure of the cerebellum 
which curved dovmward at both mastoid processes. This approach 
pio\*idcd the same exposure and made the visualization of the angle 
easier because the nudial muscles fall away from, rather than toward 
tl'.e line of dsion and, furlhcmiorc, avoided the cerebrospinal fluid 
fistula which frequently occurred in the vertical part of the crossbow 
incision. Even with this improved procedure, however, he obsciwed 
tlial the degree of trauma inflicted on the cerebellum by retraction was 
great and subsequently adopted the method of uncapping the cere- 
bellum as first suggested by Frazier (14). The degree of exposure to 
the angle was therefore greater and the damage to the cerebellum less. 
In the e.arly 30's (S) he found and extirpated a few tumors at the angle 
through the unilateral approach which was intended for sectioning 
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the sensory root of the Vth N. at the pons, as these patients complained 
of tic douloureux on admission. He observed that this procedure was 
feasible and entailed even less damage and post-operative edema to the 
cerebelliun and brain stem. 

From all these observations originated Dandy’s classical unilateral 
procedure introduced in 1934 (11) and which is briefly summarized as 
follows: 1. same unilateral incision as used for Meniere’s disease and 
tic; 2. bone rongeured as far laterally as possible without entry to the 
mastoid cells and anteriorly to the lateral sinus; 3. tapping of the 
posterior horn of a lateral ventricle through a previouly placed occip- 
ital trephine in the opposite side; 4. evacuation of fluid from the 
cistema magna and spinal canal; 5. excision of the outer cap of the 
cerebellum; 6. intracapsular evacuation of the solid contents; and 7. 
careful, painstaking dissection and removal of the capsule. This 
procedure has been almost universally adopted and the general trend 
of most neurosurgical clinics at present is to remove these tumors in 
toto according to the method evolved by Dandy after so many years 
of toil. 

By taking a quick glance at the following table on operative tech- 
nique and mortality, we may see then why it was necessary to make the 
foregoing discussion as the operative mortality diminishes with the 
ultimate perfecting of the method of attack. As explained at the 
beginning of this presentation, almost all the neurinomas at the cere- 
bellopontile recess were operated on by Dr. Dandy. One of the acous- 
tic neurinomas was operated on by someone else and four were 
recurrences operated on originally at other clinics and therefore we 
consider it fair enough not to include these cases here, lowering the 
number of cases, consequently, to one hundred and forty. 

In all of these cases the tumor was totally removed in one stage. 
As we see the over-all mortality for twenty years, including the dif- 
ferent operative techniques, was of 22.1 per cent, which diminishes to 
6.5 per cent when the unilateral approach with uncapping of the 
cerebellum and careful dissection of the capsule was done, representing 
a tremendous difference. This last figure represents the operative 
mortality during the last eight years (sixty-two cases), dropping to 
2.4 per cent (1 fatality in forty-one cases) in the past five years. On 
the other hand, we may easily observe that the mortality rate is 
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tremendously high whenever the finger was used, no matter what the 
method of attack was. The operative mortality in these cases ranged 
from 40 to 100 per cent; therefore, this procedure cannot be too 

TABLE 2 


Operative Techniqtte and Mortality in 140 Cases of Unilateral Acoustic Neurinomas — 

Total Extirpation 


OPERATIVE TECHNIQtJE 

KO, CASES 

Ln*ED 

DIED 

MORTAIITY 

(%) 

1. Bilateral Cerebellar 

A. No cerebellar cap 





a. Finger enucleation alone 

5 

2 

3 

60 

b. Intracapsular + finger enu- 
cleation 

4 

1 

3 

75 

c. Intracapsular -b careful dis- 
section 

30 

22 

8 

26.6 

B. Cerebellar cap removed 

a. Finger enucleation alone 

2 

0 

2 

100 

b. Intracapsular -f finger enu- 
cleation 

1 1 

0 

1 

100 

c. Intracapsular -f careful dis- 
section 

12 

11 

1 

8.3 

2 . Unilateral Cerebellar 

A. No cerebellar cap 





a. Finger enucleation 

b. Intracapsular finger enu- 

cleation 

c. Intracapsular -f careful dis-' 

section 

13 

10 

3 

23 

B. Cerebellar cap 





a. Finger enucleation 

1 

0 

1 

100 

b. Intracapsular -F finger enu- 
cleation 

10 

6 

4 

40 

c. Intracapsular careful dis- 
section 

62 

58 

4 

6.5 

Total for twenty years 

140 

no 

31 

22.1 


forcibly condemned, as no matter how careful we are, a certain amount 
of trauma is certain to be inflicted on the brain stem, and even a small 
amount may bring about disastrous consequences. 

Analysis oj Operative Deaths: a. Sex: Surprisingly enough, the 
mortality among men was greater than in women, in a proportion of 
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3:2, this proportion being greater if we consider that in the whole 
series females were affected much more frequently than males. 

b. Age: The age did not have any bearing on the mortality rate and 
occurred between the ages of 23 and 65, with an average of 43.6 years, 
which approaches closely the average age on admission for the whole 
group. 

c. Symptoms: There was no striking correlation between the symp- 
tomatology and the operative mortality, death occurring with equal 
frequency in patients with early and those with advanced symptoms. 
The average duration of symptoms in our fatalities, however, was 
slightly above the general average for the series, being 5 years, the 
shortest 3 months and the longest 18 years. On admission twenty- 
three patients were alert and cooperative, four comatose and three 
totally blind. 

d. Weight of the tumor; The average weight of the solid contents of 
the tumor was 27.6 gms., the smallest 2 gms. and the largest 55 gms. 
The average weight is certainly much higher than in the whole group, 
which might tend to prove that the bigger the tumor, the greater the 
amount of pressure on neighboring structures, and the greater the 
degree of obstruction in the ventricular system, hence, making the 
final result of the operation more uncertain. 

e. Time of death: The majority of these patients died within twenty- 
four to forty-eight hours after the operation, only one of them dying 
while on the operating table. These early deaths showed the usual 
signs of damage to the brain stem, as hyperthermia, tachycardia, 
laboured respirations, profound unconsciousness and tonic fits. The 
late fatalities occurred between the third and thirtieth post-operative 
day and were fewer in number, death being due usually to pneumonia 
or secondary infection. 

f. Cause of death: Autopsy was performed in almost every instance 
but the cause of death, however, was not clear in three of them. For 
purpose of simplification we have divided the causes of death into four 
main groups as follows: 

1. Direct trauma to the brain stem: Occurred in twelve cases. In 
practically all of them the finger was used in enucleating the tumor. 

2. Meningitis: Four patients died of meningitis, death occurring 
quite late, an average of four weeks after the operation. In two of 
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them the mastoid cells were accidentally opened in rongeuring the 
bone. It should be mentioned that these deaths occurred before the 
era of the sulfones and the newer antibiotics. 

3. Pulmonary: One patient died from pulmonary embolism and 
five from aspiration pneumonia, a direct consequence of paresis of the 
palate. Death from pulmonary causes occurred within the first two 
weeks post-operatively. 

4. Vascular: These deaths were direct consequence of accidental 
ligation of vital arterial supply to the cerebellum and brain stem. In 
two cases the basilar artery was partially ch'pped, the patients dying 
six hours and three days, respectively, post-operatively. In two other 
cases the posterior inferior cerebellar artery was ligated, death occur- 
ring within the first forty-eight hours after operation. One patient 
died on the fourth post-operative day and at autopsy a large extradural 
hemorrhage was found at the operative site. Thrombosis of the left 
lateral sinus was found in another paitient who died on the third post- 
operative day; the cause of death in this case is quite debatable, 
however, as one may ligate a lateral sinus with no impairment of 
function. 

End Results: Efforts have been made to contact every living patient, 
in itself a rather hazardous task. Up to the time of this communica- 
tion follow-up studies have been possible in only seventy-six cases 
covering a period from one to eighteen years. There have been six 
deaths in these cases, four of which we feel are direct sequelae of the 
operation, ^ving a, late case mortality of 5.2 per cent. In three of 
these patients post-mortem examination was performed : in two of them 
a marked hydrocephalus due to occlusion of the foramina of Luschka 
and Magendie was apparent, death occurring one and eight years, 
respectively, after the operation. One patient developed cerebro- 
spinal fluid rhinorrhea shortly after the operation, followed later on by 
cerebrospinal fluid otorrhea and died one year later from meningitis: at 
autopsy a definite perforation was found on the petrous bone. In one 
patient no autopsy was performed, but in about six months after the 
operation she started to become confused and showed gradually signs 
of increased intracranial pressure. Her symptomatology was almost a 
replica of the other two patients who showed occlusion of the foramina 
at the base. 
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It is curious that in three of these patients there was evidence of 
internal non-communicating hydrocephalus produced by occlusion of 
the foramina of Luschka and Magendie. This might be explained 
simply on the basis of a basilar arachnoiditis due probably to a low- 
grade post-operative meningitis not virulent and severe enough to 
produce septic symptoms, although it also might be due to direct 
trauma, to the electrocautery or to slight post-operative bleeding with 
subsequent organization. 

Recurrences: In the seventy-six cases which we were able to follow 
there was one recurrence, this occurring eleven years after the total 
extirpation of the tumor. This case represents the only instance in 
which a second operation was performed in this series. 

Preservation of Facial Function: In total extirpation of acoustic 
neurinomas preservation of facial integrity is quite a difficult task, 
due to the close proximity and marked distortion of the Vllth N. by 
the neoplasm and its consequent injury during operation. The 
ultimate preservation of the Vllth N. we consider as a vital step in the 
removal of these tumors due to the future disability entailed by a 
disfigured face when the patient tries to resume his previous occupa- 
tion. Besides the cosmetic reasons we should also bear in mind the 
possibility of comeal ulceration in an anaesthetic eye with a Bell’s 
palsy. In this series, unfortunately, the facial nerve was preserved in 
only nine cases. 

To obviate the facial disfigurement spino-facial anastomosis was 
performed in practically all the cases with post-operative facial 
paralysis. Good functioning of the anastomosis was obtained in 95 
per cent of the cases. This return of function, however, is quite 
relative, as in most cases the facial movements have to be controlled 
by movements of the shoulder, a task that requires plenty of practice 
and the cooperation of an intelligent patient Even then, the facial 
movements obtained are quite grotesque, coming in the form of a mass 
reflex of the whole musculature of one side of the face. 

In twenty-one cases the spino-facial anastomosis has been combined 
with a plastic operation in the face by means of transplants of fascia 
lata strips insuring a satisfactory anchorage between the temporal 
fascia and the periorbital and perioral muscles at the nasolabial fold. 
The technique has been described by Hanrahan and Dandy (16) 
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several years ago. This corrective measure, we believe, affords the 
best cosmetic results. The nerve anastomosis is necessary to preserve 
muscle tone and the fascial transplant is important in correcting the 
flatness and asymmetry of the face at rest, not corrected by anastomo- 
sis alone. (See Fig. 3.) 

The ultimate goal should be, therefore, the total preservation of the 
facial nerve at operation. This has been advocated by Olivecrona (24) 



Fig. 3. I, S. Hist. No. 255497 showing the result of a combination of spino- 
faciabanastomosis and plastic operation on the face. Left: Face at rest. Right; 
Movement of the left face controlled by raising the shoulder. (Courtesy of Hanra- 
han, E. M., and Dandy, W. E.: A procedure to correct facial paralysis. J. A. 
M. A., April 8, 1944, 124: 1051-1053) 

who was able to preserve the anatomical continuity of the nerve in 65.2 
per cent of his cases by careful electrical stimulation of the under- 
surface of the tumor during dissection of its capsule. If this entails, 
however, leaving part of the tumor adherent to the nerve we should not 
hesitate to sacrifice the nerve as a recurrence would appear inevitable. 

Comments: In summarizing, we have shown that the unilateral 
acoustic neurinomas, without evidence of neurofibromatosis elsewhere 
in the body, represent the most common type of neurinoma at the 
cerebeUopontile recess, and they occur predominantly in females. 



276 


ANTONIO GONZALEZ REVILLA 


The average age at the onset of symptoms was 39.6 years, with an 
average duration of symptoms of 4.5 years. 

Only 31 per cent of the cases followed the chronological order 
postulated by Cushing; in 69 per cent this order was changed in 
different fashion. This great variation may be easily explained by 
variation in the degree and direction of the growth and by individual 
anatomical differences at the angle. 

In the greatest number of instances there was subjective and ob- 
jective evidence of involvement of the Vlllth and Vth nerves, as well 
as the cerebellar pathways. The VIII th N. was involved in every 
case, either by affection of both components or by solitary involvement 
of either the cochlear or vestibular branches. In certain instances 
only the VIII th N. was affected alone, the patients presenting on 
admission Meniere’s syndrome, which although uncommon with 
tumors at the angle, does occur and therefore is worthwhile to re- 
member in the differential diagnosis of this disease. 

Tic douloureux was the only complaint in many instances, but in 
this series was always accompanied by some loss of hearing, which one 
is liable to neglect if we consider the late age in which this symptoma- 
tology was present in our cases. Audiometer and vestibular tests are, 
therefore, in order in every patient with tic douloureux. These tests, 
however, are of no value in other kinds of tumors at the angle producing 
tic douloureux; e.g., pearly body tumors, as has alread}”^ been shown in 
another communication, due to the fact that the Vlllth N. is not 
primarily affected. 

The diagnosis may be made clinically in most of the cases. X-ray 
evidence of destruction of the porus acoustics was present in only 50 
per cent of the cases and when absent was not, therefore, absolute 
proof against a positive diagnosis. Ventriculography was rarely indi- 
cated, and when done showed either symmetrical dilatation of the 
ventricular S3'stem, a block at the aqueduct or perfectly normal 
ventricles. 

The best method of operative attack of these tumors is by the 
procedure devdsed by Dandy. Enucleation of the tumor with the 
finger cannot be condemned too strongly because of the trauma 
inflicted on the brain stem. The mortality is usually very low if 
careful and painstaking dissection of the capsule is performed. 
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Early operative mortalities are predominantly due to one of four 
causes, namely: 1. trauma to brain stem, 2. vascular occlusion of vital 
arteries in the posterior fossa or post-operative bleeding, 3. meningitis 
as direct sequela to opening of the mastoid cells, and 4. aspiration 
pneumonia. Late mortality, on the other hand, might occur years 
after the operation due to cicatricial closure of the foramina of 
Magendie and Luschka, an internal non-communicating hydro- 
cephalus being the end result. 

The ultimate goal of any operative procedure should be the preserva- 
tion of the facial nerve. Whan this is not possible, a spino-facial 
anastomosis combined with a plastic operation on the face should be 
the method of choice. 

■DNILATERAL ACOUSTIC NEURINOMAS AND 

VON Recklinghausen’s disease 

The uncommon coexistence of unilateral acoustic neurinomas and 
peripheral von Recklinghausen’s disease has already been mentioned. 
In the whole group we were able to find only three cases of unilateral 
tumors with evidence of peripheral neurofibromatosis (1.8 per cent). 

One male and two females were affected. The average age on ad- 
mission was much shorter than in the previous group, being 24.3 years, 
22 the youngest and 26 the oldest. In one case the peripheral neuro- 
fibromas were noticed 1 year before the onset of intracranial disturb- 
ances, in another one the cranial nerve symptoms preceded the ap- 
pearance of the peripheral tumors by two years and in the third case 
the peripheral lesions were noticed on admission and no definite 
history could be obtained about the time of their appearance. The 
average age at onset of intracranial manifestations was 14.3 years, the 
earliest being 9 and the oldest 20 years. The duration of symptoms 
was 10 years, and, therefore, tivice as long as in the preceding group. 
There was no history of trauma or infection. 

Symptomatology: In none of these cases could we find a constant 
chronology of symptoms. Auditory, cerebellar and trigeminal mani- 
festations represented the initial symptom in each respective case. 
In all cases, however, the outstanding symptoms were auditory and 
cerebellar. 

The auditory manifestations were characterized by gradual diminu- 



278 


ANTONIO GONZALEZ REVILLA 


tion of hearing in two, and sudden unilateral deafness in one. There 
was bilateral impairment of hearing in one in which the possibility of 
bilateral lesions was suspected .but never corroborated as the unilateral 
approach was used at operation. Tinnitus was present in two, com- 
ing in one of them simultaneouly with the impairment of hearing and 
in the other one it followed the auditory deficit. There were no 
vestibular dsiturbances with the possible exception of one patient who 
complained of nocturnal loss of balance. 

Cerebellar disturbances were prominant in the three cases and always 
occurred on the same side as the lesion. 

Subjective disturbances to the Vth N. were present in two cases, in 
one of which they preceded the auditory manifestations by nine years 
and one wonders whether this case represented primarily a tumor 
arising from the'Vth N. or not. In the other case it followed the 
hearing loss by six months. Not a single patient complained of head- 
ache. 

Facial weakness was noticed subjectively by one patient, occurring 
six months after the onset of auditory manifestations. There were no 
subjective manifestations referable, to other cranial nerves. 

Symptoms referable to the spinal cord and characterized by spastic 
weakness of the extremeties with typical mass withdrawal was present 
in one case, indicating the multiplicity of lesions in the central nervous 
system. They occurred rather late and followed the auditory mani- 
festations by 3.5 years. 

Signs: Subcutaneous nodules were prominent in the scalp, upper 
extremities and trunk. All patients were well-oriented and alert on 
admission. 

Papilledema was present in one. Involvement of the Illrd and Vlth 
nerves was present in one case, the involvement occurring in the same 
side as the lesion. All patients showed a diminished corneal reflex 
and impaired sensation of the face on the same side as the lesion. 
In one case there was involvement of the motor branch of the Vth N. 
Facial paralysis of the peripheral type, incomplete, was present in two. 

The neurogenic type of deafness was corroborated in all, being bi- 
lateral in one. It was total in two and partial in one. Caloric tests 
were performed in only one case which showed bilateral loss of vestib- 
ular response. 
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Cerebellar signs could be elicited in only two cases, in spite of the fact 
that all gave a history of subjective involvement of the cerebellar 
pathways. Nystagmus was not a constant finding and was found in 
only one case. It was of the horizontal type. Involvement of the 
IXth, Xth, Xlth and Xllth nerves was present in one case, which 
showed in addition involvement of the spinal cord, as evidenced by 
motor weakness of all extremeties with bilateral pyramidal signs and a 
sensory level to T4. 

Roentgenological diagnosis: X-rays were taken in all cases. In two 
of them there was marked destruction of the porus acousticus and in 
one they were negative. Air studies were not performed. 

Ventrictilar Size: Ventricular estimation was performed in two cases, 
one of which showed marked dilatation of the ventricles and the pres- 
sure was said to be greatly increased. In the other one the ventricular 
pressure was normal and the ventricles were relatively small. 

Operation, operative mortality and end results: As the predominance 
of symptoms and signs was present on the right side in all cases the 
unilateral cerebellar approach was performed in all. The cerebellar 
cap was resected but the curettement of the contents was extremely 
difficult, due to the marked hardness of the tumor. Erosion of the 
acoustic foramen was corroborated in all. In only one cases the tumor 
seemed to arise from the Vth N., this case being the. one in which sub- 
jective disturbances of the sensory branch of the Vth N. were present 
nine years before the onset of auditory manifestations. One patient 
died seven years later with signs of marked involvement of the spinal 
cord, with no indication of intracranial recurrence. Another patient 
died on the fourth post-operative day with signs and symptoms point- 
ing to trauma of the brain stem. The other patient is living and well 
at the end of six years. 

Cmmnenis: Only three cases of unilateral acoustic neurinomas 
associated with peripheral neurofibromatosis were found in this series. 
The age at onset of intracranial disturbances was far below the age of 
patients with solitary neurinomas, e.g., 14.3 years, and the duration of 
symptoms was quite prolonged (ten years). There was no specific 
chronologic order of symptoms but the auditory, trigeminal and cere- 
bellar manifestations were quite predominant and the first two were 
objectively constant. Only one patient showed involvement of the 
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spinal cord. The operation was quite difficult in all cases, due to the 
extreme hardness of the tumors which would make their curettement a 
very difficult procedure. The final outcome in these cases is not a 
happy one, as they have been reported to be associated with multiple 
meningiomas or other neurinomas within the intracranial chamber or 
along the spinal canal. 

BILATERAL ACOUSTIC NEURINOMAS 

Six cases (3.7 per cent) of bUateral tumors of the ner-vus acousticus 
were found in our series, five of which were verified either at operation 
or autopsy, and in the other one they were suspected because of the 
bilateral signs and early age of the patient. In this last case the oppo- 
site side was not explored at operation and the patient died a few hours 
later. Unfortunately, no autopsy was performed. 

Etiology: It is thought that these tumors when bilateral are con- 
genital, because of the relatively young age of the patients and their 
conunon hereditary transmission according to the laws of Mendel. 
In two of these patients, who were sisters, there was a history of bi- 
lateral acoustic neurinomas in the maternal side of the family in 
approximately thirty-five members since the eighteenth century, the 
persons so affected having complained of bilateral deafness, and 
ha'vdng died relatively young, approximately five years after the onset 
of s 3 miptoms. 

Their relationship to von Recklinghausen’s disease seems more 
ob'vious than in the case of unilateral neurinomas. Three cases (SO 
per cent) showed e'vidence of peripheral involvement elsewhere in the 
body. 

Incidence: Males and females were equally affected. The average 
age on admission was 23 years, the yoimgest 14 and the oldest 33. 
The average age at onset of symptoms was 17.8 years, the youngest 9 
and the oldest 29. As pointed out earher, these figures resemble 
very closely those found in the unilateral tumors with evidence of 
neurofibromas elsewhere in the body. The duration of symptoms, 
however, was much shorter, being 5 years. 

Subjective manifestations: The initial symptom in four was that of 
increasing deafness, while in the other two the manifestations were 
represented by subjective evidence of increased intracranial pressure 
and involvement of the cerebellar pathways, respectively. 



NEURINOMAS OE CEREBEULOpONmE RECESS 


281 


All patients but one gave a history of impairment of hearing bi- 
laterally, one ear being affected first in three and both ears simul- 
taneously in two. The other patient gave a history of impairment of 
hearing on one side, but the audiogram on admission showed also 
moderate diminution of hearing on the opposite side. Tinnitus was 
present in one case; it was unilateral and apperared three years after 
the onset of other auditory symptoms. History of vertigo was ob- 
tained in two, in one of which it was just a subjective sensation of 
dizziness and in the other one of true rotary type. It appeared one 
month and two years, respectively, after the onset of deafness. 

Cerebellar symptoms were present in every case. They followed 
auditory and labyrinthine symptoms but in one case preceded them by 
two months. The usual complaint was staggering on walking. 

Headache was not a common S 3 nnptom, being present in only one 
case. This patient complained of bifrontal type of pain without 
history of suboccipital discomfort. There was no subjective evidence 
of involvement of the Vth N., although objective findings were present 
in three. 

Hoarseness and dysphagia were present in one case, appearing three 
years after the onset of symptoms. Subjective manifestations of 
increased intracranial pressure were present in four, in one of which it 
was the apparent initial symptom, being a late manifestation in the 
other three. 

Objective findings: There was objective bilateral impairment of 
hearing in aU cases (Fig. 4). Total bilateral deafness was found in 
four and unilateral deafness with moderate degree of hearing impair- 
ment on the opposite side was found in two. The neurogenic type of 
deafness was corroborated in all cases. Vestibular tests were per- 
formed in five. They showed preservation of vestibular response 
bilaterally in one case, diminished bilateral response in three, and 
absent vestibular response on only one side in another. 

Cerebellar signs such as ataxia of the extremeties and staggering gait 
were present in all cases. They were bilateral in four and unilateral 
in two. Horizontal nystagmus was elicited in five with equal ampli- 
tude on looking to either side. 

Sensory changes on the face were present in four cases with accom- 
panying diminution of the comeal reflex. These signs were present 
bilaterally in two of the cases. 
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Facial weakness was elicited in five cases. It was unilateral in three 
and bilateral in two. As it is the case in most of the neurinomas of the 
posterior fossa, this peripheral weakness was incomplete in the affected 
cases. The Kth and Xth N. were involved in only one case, the 
affection being bilateral. There was no involvement of other cranial 
nerves. 

Pyramidal signs were present in one case, the involvement being 
bilateral. There were no sensory changes. 



Fig. 4. Audiogram in a case of bilateral acoustic neurinoma. Hearing is 
bilaterally diminished, more so on the left. 

X-rays: Roentgenologic examination of the skull was reported in 
four cases. In one there was evidence of erosion of the porus acousticus 
on both sides (Fig. 5). Another one showed an unilateral erosion and 
the other two showed no apparent changes. There were no air studies 
performed in any of the cases. 

Ventricular size: Considerable hydrocephalus was found in two 
cases, moderate enlargement in one and small ventricles in another 
one. No report of the size of the ventricles could be found in the 
other two cases. 
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Operation, operative mortality and endresiilts: The operative approach 
is rather difficult in these tunniors, as the operating space is greatly 



Frc. 5. X-ray of the base of the skull (G. W. Hist. No. 335824) in a case with 
bilateral acoustic neurinomas erosion at both acoustic meati. 

reduced due to the presence of tumor on both sides and the subsequent 
edema of the cerebellum and brain stem upon attempting removal of 
these tumors. Consequently the mortality is high as is shown in the 
following brief operative summary of these cases. 
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Case No. 1 : Unilateral approach without resection of the cerebellar 
cap. Enucleation with the finger. Suspected of having a bilateral 
tumor due to bilateral symptoms, but only one side was explored, 
from which a large tumor was removed. Patient died seven j^ears 
later at another hospital from bronchopneumonia and gangrene of the 
lungs. At autopsy, in addition to the pulmonary pathology, an 
acoustic neurinoma was found on the opposite side. 

Case No. 2; Unilateral approach without cerebellar cap. Enuclea- 
tion with the finger. Bilateral tumors were not suspected in spite of 
the bilateral impairment of hearing. Tumor on one side completely 
removed. Returned four years later with clear-cut signs pointing to 
a lesion in the opposite side with complete deafness. Operation showed 
a large acoustic tumor in the opposite side which was removed in toto. 
Uneventful recover, except for bilateral facial paralysis and paresis 
of vocal cords. 

Case No. 3; Bilateral cerebellar with bilateral section of cerebellar 
cap. Enucleation with the finger. Bilateral removal of the tumor in 
one stage. Death in 48 hours. Autopsy revealed diffuse softening 
of the brain stem. 

Case No. 4: Unilateral cerebellar with removal of cerebellar cap, 
intracapsular curettement and careful dissection of the, capsule. 
Tumor successfully removed in one side. As the patient gave familial 
history of bilateral tumors (patient is sister of Case No. 3) and had 
bilateral signs it was recommended that she report in six weeks for a 
second operation. Patient did not report ‘'uhtil six months later, 
with total blindness. Operation of the qtMf.f.side was not recom- 
mended. 

Case No. 5: Bilateral cerebellar, resection of the cerebellar cap. 
Enucleation with the finger. Tumor completely removed in one side. 
It was visualized in the other side but not removed as a second opera- 
tion was contemplated. Patient died on the third post-operative day. 
No autopsy. 

Case No. 6: Bilateral cerebellar. Cerebellar cap not resected. 
Enucleation with the finger. Tumor totall}' removed in one side. 
Although the patient had bilateral signs it was not considered ad- 
visable to explore the opposite side. Patient died a few hours later. 
No autopsy. 
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Comments: From this summary of cases with bilateral neurinomas 
one may conclude that these tumors do not represent diagnostic 
problems. In the first place they occur in young individuals, the 
average age at onset being 17.8 years. The duration of symptoms is 
more prolonged than in the solitary acoustic neurinomas and much 
shorter than in acoustic neurinomas with peripheral neurofibromatosis. 
In half of these tumors there is evidence of peripheral neurofibromas 
and there seems to be a very definite familial predisposition. The 
symptomatology is typically characterized by bilateral diminution 
of hearing which may be accompanied by other bilateral signs. 

The operative attack on these tumors presents a rather diflacult 
problem due to the reduced operating space and the subsequent 
greater edema of the brain, stem and cerebellum. Therefore, the 
operative mortality is high. The best method of approach, we believe, 
is the bilateral cerebellar with extirpation of the tumor in two stages. 
As in the solitary acoustic neurinomas, the enucleation of the tumor 
should be done in a painstaking manner, as the trauma inflicted on the 
brain stem would be much greater when the finger is used in their 
removal. 

Case No. 3: G. W., W. F., 24, Hist. No. 335824. Admitted on the 
27th of October 1944, with the chief complaint of progressive deafness 
for five years. The family history revealed that ever since the eight- 
eenth century, the Campbell family, maternal side, had suffered from 
bilateral deafness and premature death. There did not seem to be 
any predilection for sex; the onset of auditory disturbances always 
started between the ages of twenty and thirty years, every member 
so affected dying five years after the onset of symptoms. The present 
patient knew of thirty-five of her maternal ancestors who died in this 
manner. Of her immediate family she remembered that her mother 
died at the age of 34, an uncle at 32 and her grandfather at 30. A sister 
of thirty-two years (Case No. 4) had been suffering from bilateral 
deafness and ataxia. The onset of symptoms of this patient started 
five years previously and was characterized by progressive diminution 
of hearing on the right. Exactly one year after the onset she suddenly 
found that she was completely deaf in both ears and for the first time 
dumsmess in the arms and slight staggering on walking was noticed. 
These symptoms, however, remained stationary until one year before 
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admission when she started to complain of dysarthria and dysphagia 
along with fleeting and sudden episodes of blindness on stooping. 
Five months before admission she noticed some weakness of the left 
side of the face, which also appeared on the right side shortly after- 
wards. Physical examination on admission was essentially negative, 
except for scattered “cafe au lait” spots on the trunk and abdomen. 
Neurologic examination revealed marked diminution of visual acuity 
bilaterally. 6 D. papilledema in both fundi. Bilateral diminution 
of the corneal reflexes with h 3 T}aesthesia and hypalgesia in both sides 
of the face. Bilateral facial weakness, peripheral, incomplete. Hori- 
zontal nystagmus with equal amplitude on looking to either side. 
Bilateral total deafness. Absent vestibular response on the right and 
markedly diminished on the left. Absent pharyngeal reflexes on both 
sides. Marked dysmetria and asynergia of all extremities. Stagger- 
ing gait. Positive Romberg. Moderate spasticity of all extremeties 
with hyperactive deep reflexes, bilateral Hoffman’s and Babinski. 
X-rays of the skull: marked dilatation of both internal acoustic meati. 
Operation (Oct. 28-44): Bilateral cerebellar approach. Removal of 
cerebellar cap. Typical neurinomas foimd at each angle. Curette- 
ment of the tumors extremely difficult due to pronounced hardness of 
contents. Enucleation of both tumors with the finger. Weight: 
Right: 16.6 gms.; left: 10.7 gms. Histological examination: Neuri- 
noma. Postoperatively the patient never regained consciousness. 
There was marked hyperthermia, rapid, thready pulse and labored 
respirations. Died in forty-eight hours. Autopsy revealed diffuse 
softening of the pons and medulla. 

NEURINOMAS OF THE VTH NERVE 

Neurinomas of other cranial nerves in the posterior fossa are so rare 
that little attention has been given to them in the classical discussions 
of this kind of tumors. There are several investigators who may even 
question the origin of these neoplasms from any other cranial nerve 
but the Vinth. In our series of one hundred and sixty cases we have 
foimd three tumors (1.8 per cent) arising from the Vth N., two (1.2 
per cent) from the Xth and one (0.6 per cent) from the Xlth. 

The criteria we have used for classifying tumors arising from the Vth 
N. were that the initial symptoms were referable to the trigeminal 
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nerve and that this nerve was found at operation to be more affected 
than the Vlllth N., and we might also add that in some instance 
there may be a return of auditory and labyrinthine function after the 
operation. This last criterion, however, is not very convincing as 
there are several reports in the literature where return of auditory 
and vestibular functions were noted after operation in t 3 ^ical acoustic 
neurinomas. 

Two females and one male were affected. The lesion was found 
on the left side in aU three cases. The average age at admission was 
57 years and the age at onset, 47 years, with an average duration of 
symptoms of ten years. There was no history of trauma or infection 
and there was no evidence of peripheral neurofibromatosis. 

Symptoms: In these three cases, the initial and predominant symp- 
toms were those referable to the Vth N. and preceded the auditory and 
labyrinthine disturbances by an average of 4.5 years, the longest 
11 years and the shortest 6 months. The chief complaint on admis- 
sion was that of tic douloureux on the same side in two cases, and 
subjective numbness of one side of the face in the other. Auditory 
or labyrinthine manifestations were present in all. Unilateral and 
gradual diminution of hearing was present in aU. History of uni- 
lateral tinnitus was present in two, occurring simultaneously with the 
hearing loss in one and preceding it in the other. Vertigo was likewise 
present in two and always preceded the loss of hearing. Subjective 
cerebellar disturbances were elicited in one case, being unilateral and 
appearing simultaneously with the auditory and labyrinthine mani- 
festations. There were no subjective disturbances of other cranial 
nerves, nor any pyramidal or sensoiy changes. 

Signs: All patients were alert and cooperative on admission. There 
were no disturbances of vision and mild papilledema was present in 
one case. Objective disturbances of the Vth N. were present in two 
and were characterized by a diminished corneal reflex and hypalgesia 
on the affected side of the face. The only case that did not show any 
sensory changes was the one in which the predominant S 3 Tnptom was 
that of tic douloureux. The \Tnth N. was affected in one case, 
the paralysis being an incomplete peripheral. There was varying 
degree of neurogenic deafness in two cases, which was unilateral but no 
caloric tests were performed in them. Hearing was normal in one 
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patient who showed complete abolition of the vestibular response. 
Cerebellar ataxia on the same side as the lesion was present in one case. 
There were no other neurologic signs. 

X-rays were taken in two of them and erosion at the porus acousticiis 
was reported in both. 

No data were given about the ventricular size in two cases. The 
ventricles were moderately dilated in one with marked increase in 
pressure. 

Operation, operative mortality and end results: All these patient^ were 
explored, two of them by the unilateral approach and one through a 
bilateral exploration. The cerebellar cap was resected in two and 
curettement of the contents plus careful dissection of the capsule was 
carried out in all. There were no mortahties. All of them showed a 
complete Vth, Vllth and Vlllth nerve paralysis. However, one 
patient showed marked return of hearing and complete return of 
vestibular function two months after the operation. We have been 
unable to carry out sufficient follow-up studies in these three cases. 

Comments: Although neurinomas of the Vth nerve at the cerebeUo- 
pontile recess are very rare they do occur, three such cases being 
reported in this series. The age at onset of symptoms was 47 years, 
much later than in the acoustic neurinomas, with a duration of approxi- 
mately ten years, which approaches quite closely the duration of 
symptoms of unilateral tumors of the Vlllth N. with peripheral neuro- 
fibromatosis. Upon admission to the hospital these cases were 
clinically undistinguishable from the unilateral acoustic neurinomas 
and the only important differential diagnostic point lies in the fact that 
trigeminal symptoms preceded auditory and labyrinthine disturbances 
by an average of 4.5 years. 

In two of these patients the initial and predominant complaint was 
that of tic douloureux and this point stresses again the important 
relationship of tumors at the cerebellopontile recess in the causation of 
trigeminal neuralgia. At operation the Vth N. was usually more 
affected than the VTflth N., and in one instance there was marked 
return of cochlear and vestibular functions. This return of function 
makes one wonder if many of the cases reported in the literature in 
which such return occurred in supposedly acoustic neurinomas, did not 
actually represent neurinomas arising primarily from the Vth N. 
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Case No, 2: J. F., W. M., 67, Hist. No. 255352. Admitted on the 
30th of March 1942, with the chief complaint of t 5 T)ical tic douloureux, 
left, for 15 years. The onset was insidious and characterized by 
intermittent attacks of paroxysmal lancinating pain on the left side 
of the face, affecting the distribution of the second and third branches. 
The pain was infrequent at first but in a few years it became more 
pronounced and would come at more frequent intervals. From three 
to four years previous to admission the patient started to complain of 
gradual and progressive diminution of hearing on the left without 
tinnitus or dizziness. Six months before admission, slight diminution 
of hearing on the right. Neurologic examination on admission showed 
50 per cent hearing loss on the left and a normal hearing on the right; 
this partial deafness was found to be neurogenic in type. No caloric 
tests were performed. There were no other positive neurologic signs. 
X-rays showed suggestive erosion of the porus acousticus. Operation : 
March 31, 42: Unilateral cerebellar approach, left. Cerebellar cap 
was not resected. Deep in the angle and extending between the Vth 
and Vlllth N. there was a grayish tumor, the size of a hazel-nut, which 
was completely removed. Porus acusticus was not involved. It was 
difficult to ascertain from operative report whether the Vth or the 
Vlllth Nerve was predominantly involved. TheVth N. was sectioned, 
nevertheless. Weight of the tumor not reported. Histological 
report: Neurinoma. 

NEURINOMAS OF THE XTH NERVE 

Two such cases were found in this series and they must be, therefore, 
extremely rare. One male and one female were affected. On admis- 
sion the ages were 36 and 54 years, respectively, the age at onset, 29 
and 53 years, and the duration of the symptoms, 1 and 7 years. The 
left side was involved in both cases and there was no history of trauma 
or infection elicited. 

Syi}ipto7ns: The predominant symptom in both cases was hoarseness 
which represented the initial complaint in one. Left suboccipital 
headaches were the initial manifestations in the other case, but 
horaseness appeared six months after the onset of the headaches. 
Disturbances referable to the VHIth N. were present in one case, 
appearing two years after the onset of hoarseness. There was no 
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subjective involvement of the Vth N. In one there was a history of 
facial weakness which appeared 5.5 years after the onset of hoarseness. 
Dysphagia appeared 6.5 years later in one and four months later in the 
other one. Cerebellar manifestations were present in only one case, 
on the same side as the lesion. Vision was impaired in one. Occipital 
headaches were present in both; in one, as mentioned above, they 
represented the initial symptom and in the other they appeared six 
years afterward. There was no subjective pyramidal or sensory 
involvement. 

Signs: Both patients were alert and cooperative on admission. 
Only one showed diminution of visual acuity and bilateral papilledema. 
This patient also showed absent comeal reflex, unilateral analgesia of 
the face, complete peripheral facial paralysis, complete ipsilateral 
nerve deafness, paralysis of the ipsilateral vocal cord and palate, 
weakness of ipsilateral trapezius, sternomastoid and of the same side 
of the tongue, with cerebellar signs on the side of the lesion. In the 
other patient (summarized below) there was unilateral paralysis of the 
vocal cord and palate on the same side as the lesion, these being the 
only positive neurologic signs on admission. 

X-Rays: In only one patient, who showed widespread involvement 
of the cranial nerves, were we able to corroborate erosion of the porus 
acousticus. 

No data are given as to the ventricular size in any of these cases. 

Operation, operative mortality and end result: The unilateral cerebellar 
approach was performed in both cases with resection of the cerebellar 
cap, curettement of the contents and complete removal of the capsule. 
In the case showing only involvement of the Xth N., a small tumor was 
found arising from the anterior filaments of the Xth N. The other 
case with marked involvement of the cranial nerves had a rather large 
tumor weighing 30 gms. The IXth and Xth nerves were lost within 
the neoplastic mass and the other cranial nerves anterior to it were 
tremendously pushed forward by the anterior projection of the neo- 
plasm. Both patients were discharged from the hospital in an im- 
proved condition. Three and six years, repectively, after discharge, 
they are vastly improved and have resumed their former occupations. 

Comments: Neurinomas of the Xth N. are extremely rare. They 
occurred in two cases. The age at onset of s}anptoms was 29 and 53 
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years, respectively, the duration varying between 1 and 7 years. 
These neurinomas are easy to diagnose as the predominant and initial 
symptom is that of hoarseness. At times, however, they might 
represent diagnostic problems, as in one of our cases in which the only 
symptom present was hoarseness. If hoarseness is associated with 
ipsilateral paralysis of the vocal cords a tumor of the Xth N. is a likely 
possibility. 

Case No. 1. I. B., W. F., 54, Hist. No. 237504. Admitted July 29, 
1941, with a history of gradually increasing headache.s in the left 
occipital and temporal regions at times of radiating to the lateral 
aspect of the left side of the neck for one year. These headaches were 
worse on lying down. One month after onset of headaches she started 
to complain of intermittent attacks of hoarseness which gradually 
increased in frequency so that for eight months prior to admission it 
was constant. For eight months she had some difi&culty in swallowing, 
which had become worse a few weeks before admission. Since onset of 
symptoms she thought there was also some impairment of taste in the 
left side of her tongue. On admission the physical examination was 
negative. The neurologic examination revealed questionable loss of 
taste in the left side of the tongue, paralysis of the left palate and left 
vocal cord. There was no hearing loss and no apparent sensory loss 
in the posterior pharjmx. Operation: August 1, 41. Unilateral 
cerebellar approach, left. The cerebellar cap was not resected. A 
reddish mass was found in the posterior aspect of the recess, arising 
from the anterior aspect of the Xth N. The mass was the size of a 
hickory nut and was removed in toto. Weight: 2 gms. Histological 
examination : Neurinoma. Patient had a smooth convalescence except 
for marked dysphagia and hoarseness for a few months. When con- 
tacted six years later she was feeling fine and was engaged in her 
former occupation. 

NEURINOMAS OF THE XITH NERVE 

Only one case in this group. It was classified under this heading 
because the initial symptom was that of involvement of the Xlth N. in 
the absence of hearing involvement. In contradistinction with the last 
two cases there was definite evidence of peripheral neurofibromatosis. 

Case No. 1 : C. W., W. M., 68, Hist. No. 305730. Admitted on the 



292 


ANTONIO GONZALEZ REVILLA 


27th of October, 1943, with the history that for many years he had 
noticed a growth on the right thigh. This growth had been removed 
six years previous to the present admission and proved to be a neuro- 
fibroma. For seven years he had ako noticed a painless swelling, which 
did not appear to increase in size, behind the right ear. About 4.5 
years before admission he started to complain of stiffness of the left 
arm with gradual atrophy of the left shoulder girdle. Because of these 
complaints he was seen six months later at another clinic where the 
diagnosis of brain tumor was made and the patient was given deep 
x-ray therapy without relief. About this time he started to notice pain 
behind the left ear on coughing and sneezing, and some dysphagia. 
These symptoms increased in the next few years. One year previous 
to admission he started to complain of hoarseness and incontinence of 
urine and feces. There were no hearing difiSculties and no history of 
vertigo. On admission the physical examination revealed generalized 
arteriosclerosis and a small, soft, tender mass over the right mastoid 
which appeared to be a neurofibroma. The neurologic examination 
revealed a horizontal nystagmus on looking toward the right, paralysis 
of the left vocal cord, absent left palatal and pharyngeal reflexes, 
atrophy of left stenomastoid and trapezius, atrophy of the left side of 
the tongue, asynergia and dysmetria on the left arm and leg, a positive 
Romberg and a questionable hypesthesia of the left side of the body. 
Operation: Oct. 30, 43. Unilateral cerebellar approach, left. Re- 
section of the cerebellar cap. A rather large tumor was found involving 
particularly the floor of the posterior fossa and extending into the 
spinal canal through the foramen magnum. The Vlllth N. was not 
involved. The tumor was totally removed. Weight: 25.8 gms. 
Histological diagnosis: Neurinoma. Patient had a smooth and rapid 
convalescence. No hearing loss was detected after the operation. 
When seen a year later the patient was much improved. 

Comments: Neurinomas of the Xlth N. are very uncommon and 
when found they are usually accompanied by evidence of neurofibro- 
matosis ekewhere in the body. In our case it apparently started in 
the spinal canal forcing its way into the posterior fossa via the foramen 
magnum. As in this case, neurinomas of this t3q)e do not represent 
diagnostic problems. 
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PATHOLOGICAL CONSIDERATIONS 

Voluminous literature has been ivritten regarding the histogenesis 
and microscopic appearance of the neurinomas and we consider it 
superflous to dwell on the controversial discussion of the subject, as the 
real origin of these tumors is still debatable. It suffices, then, to 
mention briefly the current views. 

The most plausible e.Kplanation about the origin of these tumors is 
the one proposed originally b)' von Recklinghausen (28) who suggested 
their connective tissue origin, a view subsequently supported by 
Mallory (21), Penfield (27) and Tarlov (30). On the other hand their 
neuroectodermal origin in the Schwann cells, as advocated by Verocay 
(31) and later supported b}^ Antoni (1), Masson (22) and Murray and 
Stout (23), also has its strong points. Cushing (5) took an intermedi- 
ate view in considering them as a possible transition between neuroglia 
and connective tissue. 

Almost everyone, however, has agreed on their histological ap- 
pearance. These tumors are primarily composed of two kinds of 
tissue (12), the compact cellular mass (type A or fibrillar tissue of 
Antoni) and the loose-meshed tissue (tj^ie B or reticulated tissue of 
Antoni). Their general appearance is furthermore influenced by the 
age of the growth and subsequent degenerative changes. 

That these tumors are morphologically like the peripheral neuro- 
fibromas of von Recklinghausen is a known fact. Their only differen- 
tial point rests on the presence of nerve fibrils in the capsule in the 
former and in the center of the tumor in the latter. Penfield (26), 
nevertheless, has also made the remark that the cells in the neuro- 
fibromas are more mature, an observation that can hardly be 
corroborated. 

As shown in the accompanying photomicrographs (Fig. 6), all the 
neurinomas at the angle are histologicallj’ the same regardless of their 
location and of whether or not there was e\ndence of peripheral 
neurofibromatosis elsewhere. The variations usually found in acoustic 
neurinomas arc likewise found in the rest and hence a histological 
differentiation is impossible. 

Grossly, however, the bilateral neurinomas and the neurinomas at 
the recc.ss associated with multiple peripheral neurofibromas were 
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Fig. 6. Photomicrographs of different neurinomas at the cerebellopontilc 
recess. Low power magnification. Hematoxylin and eosin. 

1. Unilateral acoustic without peripheral neurofibromas (M. R. 300471) 

2. Unilateral acoustic with peripheral neurofibromas (L. Y. 207209) 

3. Bilateral acoustic (G. W. 335824) 

4. Neurinoma of the Vth N (L. R. 261715) 

5. Neurinoma of the Xth N (I. B. 237504) 

6. Neurinoma of the Xlth N (C. W, 305730) 

found in our cases to be harder than the unilateral acustic tumors, in 
spite of their similar histological appearance. Perhaps this may be 
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explained by the relative old age of the tumors in the former, if we 
recall their more prolonged duration of sjTnptoms. 

SUMMARY 

1. An analysis of one hundred and sixty cases of neurinomas at the 
cercbcllopontile recess has been presented. 

2. Their incidence, location, symptoms, signs, operation, operative 
mortality and end results have been discussed. 

3. Emphasis has been placed on the chronology and duration of 
synrptoms, as well as on the average age at onset. 
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PROCEEDINGS OF THE JIEETINGS OF THE JOHNS 
HOPKINS MEDICAL SOCIETY 

Held in Herd ]\Iemorial Hall, December 9, 1946 

Symposium on Irradiation Therapy in Ophthalmology and Otolaryngology: I. Gen- 
eral ConsidcTOiions of Irradiation, DR, CURTIS F, BURNAM {Department 
of Surgery, Johns Eopkins Hospital). 

At the present time, so far as therapy is concerned, only x-ray and radium need 
to be considered. There arc a number of newer forms of irradiation which have 
proved of value but not in any of the pathological processes found in the nose, 
throat or eye. 

A brief report is presented on the nature of roentgen and radium rays, how 
they arc produced, and how they are measured. The importance of filters in 
changing the quality of irradiation is discussed for both x-ray and radium. Very 
briefly, the methods of separating radon from radium are considered. As the 
question often arises “WTiy use radium?”, “Why use radon?”, a discussion of the 
merits of each of these forms of applying gamma and beta rays is considered. 
An explanation of the meaning and methods of recording radium and radon 
dosages is presented. The ph3'sical changes that take place in a beam of irradia- 
tion in the human body are discussed, as well as the chemical and biological 
changes induced by the absorption of radium and x-rays. It is pointed out that 
the effects of different wave lengths arc identical and that the effects of beta 
radiation arc the same as those of gamma provided an equal quantity is absorbed 
in a tissue. Vci>' briefly, methods of protecting the persormel using radium and 
x-ray are described. The importance of distance and of time of exposure, as well 
as of hcasy screening, is c-xplained. A brief description is given of the nasal appli- 
cator used in nose and throat work, particularly in treating lymphoid tissue in the 
nasophaiATix, and of the beta ray applicator used in treating superficial eye 
conditions. 

II. Irradiation of the Nasopharyfix. DR. SAMUEL J. CROWDS {Department of 
Laryngology ard Otology, Johns Eopkins Hospital). 

Many of the hearing disorders of adult life begin in childhood, and if we are to 
Icam more about the causes, treatment, and prevention of deafness, we must 
concentrate our studies on children. Almost evciy t3-pc of middle and inner ear 
deafness seen in adults is found in children, with this important difference: in 
children, the impairment is just beginning and opportunities are offered for study 
of the life histor3' of the disease and for developing some kind of effective and even 
preventive therapy. 

A common cause of impaired hearing in chfldren is frequent upper respiratory’ 
infections and hypertrophic lymphoid tissue in and around the pharyngeal orifices 
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of the Eustachian tubes. In aviators, submariners, and others who work under 
rapidly changing pressures, acute changes are brought about in the middle ear, 
due to colds and hypertrophied lymphoid tissue that interferes with the normal 
function of the Eustachian tubes. In both, the s}Tnptoms are due to aerotitis; 
abrupt and painful in aviators, painless and often asymptomatic in children until 
secondary changes in the middle ear begin to cause progressive loss of hearing. 

Irradiation of the nasopharynx has been practiced in this hospital for nearly 20 
years. It is a simple, safe, and inexpensive way to remove l 3 Tnphoid tissue from 
locations inaccessible surgically. Thousands of patients have been treated, and 
many have been followed for IS years.' We are convinced this is a valuable 
public health measure. If school children from 8 to 10 years of age were examined 
with otoscope, nasophatyngoscope, tuning forks, voice and audiometer, and those 
with hypertrophic lymphoid tissue around the orifice of the Eustachian tubes 
irradiated, we think that disability from deafness later in life could be reduced as 
much as SO per cent. 

HI. Beta Irradiation in Ophthalmology. DR. CHARLES E. ILIFF (Department 
of Ophthalmology, Johns Hopkins Hospital). 

Beta rays possess the same qualities as other rays in the power of selective 
tissue destruction, but in contrast to gamma rays their penetration is shallow. 
In no single case has any damage to the lens been observed either clinically or 
experimentally. 

• Excellent results have been obtained in the treatment of vernal conjuctivitis. 
Recurrences are less frequent, and when these do occur are less severe. 

In anterior ocular tuberculosis beta therapy seems to shorten the course and 
decrease the severity of the symptoms with less residual scarring of the cornea. 
Irradiation, though, did not prevent future tuberculous recurrences. 

Small benign tumors of the lids and anterior segment can be removed easily and 
safely and give an excellent cosmetic result. 

In comeal scars, where vascularization is a prominent feature and where there is 
still activity, irradiation appears beneficial. In old, calcified, and dense scars, 
treatment is not successful. 

Superficial vascularization after keratectomy and keratoplasty can be 
controlled. 

Encouraging results are obtained in the treatment of acne rosacea keratitits. 

Dj'strophies, sarcoid, lupus erythematosus, pemphigus, punctate keratitis, and 
comeal ulcers due to pyogenic infections, are not improved by beta rays and may be 
made worse by their use. 



ON CERTAIN VASCULAR EFFECTS OF CURARE 
IN ^lAN: THE “HISTAMINE” REACTION* 

D. GROB, J. L. LILIENTHAL, JR. aot A. M. HARVEY 

From the Physiological Division, Department of Medicine, The Johns Hophins 
University and Bospital 

Curare possesses in high degree the property of blocking the trans- 
mission of impulses across synaptic and neuromuscular junctions 
(8, 9). In recent years curare has been made available in a purified 
form which permits rigid pharmacological standardisation. As a re- 
sult, curare has been employed widely for its lissive and paralysing 
effects to relax skeletal muscle in a variety of clinical applications, in- 
cluding surgical anaesthesia (18), endoscopy (2), convulsive shock 
therapy (6), convulsive disorders, particularly tetanus (43, 44), and 
spastic and dystonic states (10, 40). 

However, the clinical application of the predominant action of 
curare on skeletal muscle has brought to light actions on other sys- 
tems which have introduced certain limitations in the general use of 
curare. The follo\\’ing side-actions of curare and of its active prin- 
ciple, crj^stalline d-tubocurarine chloride, have been reported; the more 
serious of these have been infrequent and usually have occurred only 
after prolonged curarisation. 

a) Cardiovascular — A transient fall in arterial blood pressure accom- 
panied by a subjective feeling of warmth, giddiness and headache is 
a frequent occurrence following a single therapeutic dose of 50 to 
100 units (13, 14, 25, 43). Occasionally the hypotension has been 
severe (12) and during prolonged curarisation shock with hemocon- 
centration has sometimes super\'encd (34). Similar reactions have 
been produced in e.xperimental animals (19, 30, 35). The rapidity of 
administration of curare, as well as the dose, are important factors 
in the manifestation of its cardiovascular and other pharmacologic 
effects (19). The drug has been found to have no effect on the electro- 
cardiogram of man (39) or animals (30). 

b) Respiratory — ^The development of bronchospasm varjdng from 

• Work done under a contract between the Ofnee of Naral Research, U. S. Na^•>• 
Department, and the Johns Hopkins University. 

299 



300 


GROB, LILIENTHAL AND HARVEY 


mild to fatal in degree has been reported in man and in animals (17, 
43 to 47, 49). 

c) Secretory — ^Excessive salivary and bronchial secretion has been 
noted following the administration of therapeutic doses to man (13, 
14, 47) and in the experimental animal (46). 

d) Central Nervous System — ^Smaller doses are frequently associated 
with slight drowsiness, confusion, or euphoria (20, 25), while large 
doses may result in depression of electroencephalographic activity 
(40) and unconsciousness (47). In the frog large doses may cause 
brain potentials to vanish (16, 36). However, recently a study of a 
hiunan subject under profound curarisation revealed no alterations in 
the electroencephalogram, consciousness and sensorium (40a). 

e) Skin — A few instances of urticaria have been noted following 
the administration of curare prior to metrazol shock (6). 

Several experimental studies have established that the depression 
of neuromuscular conduction induced by curare may be lightened by 
eserine and neostigmine (3, 7), acetylcholine and epinephrine (38), 
potassium (48) and guanidine (24). But recently certain observations 
in man and animals (26, 34) have indicated that the use of neostigmine 
as an antidote to large doses of curare or tf-tubocurarine has failed to 
prevent death, and that large doses of neostigmine may even increase 
the toxicity of sublethal doses of curare. Other observations have 
indicated that the cardiovascular and respiratory effects of curare may 
be lessened by epinephrine and ephedrine (25, 44, 47, 49), and that 
ephedrine may increase the antidotal value of small doses of 
neostigmine (26). 

Recently Comroe and Dripps (11) have reported observations on 
the vascular effects of curare which parallel part of the study to be 
reported here. They offered the suggestion that these effects were 
due to the action of histamine and might be prevented by the newer 
anti-histamine agents. 

The experiences of many investigators which have been sununarised 
briefly above, together with the observation that the intra-arterial 
injection of curare produced extraordinary vascular changes in the in- 
jected area (21) indicated the necessity for investigation of the actions 
of curare other than those on neuromuscular mechanisms. This 
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communication reports a study of certain vascular effects of curare 
obscr\'cd in human subjects. 

METHODS 

Tlic following drugs were used in this study: 

Curare (Intocostrin, Squibb) -containing 20 units per ml. in aqueous 
solution with 0.5 per cent chlorobutanol as a preservative (pH 4.6). 
d-Tiihocurariiw chloride'^ (Squibb)— the crystalline active principle 
of curare in a concentration of 20 units per ml. (containing 2.7 mg. 
per ml., and equivalent to 20 units or 20 mg. of standard curare) in 
aqueous solution of 0.5 per cent chlorobutanol (pH 3.5). Bistamim 
phosphate— Aqueous solutions containing 2 mg. and 0.125 mg. of 
histamine base per ml.. Pyribcuzaminc? (Ciba) — Aqueous solutions 
containing 3 mg. and 10 mg. per ml.. Benadryl* (Parke, Da- 
vis) — Aqueous solution containing 30 mg. per ml.. Bcla-crythroidinc 
IlCP (Merck)— Aqueous solutions containing 50 mg. per ml. (pH 
6.5) and 100 mg. per ml. (pH 6.0). 

Injections of the drugs under study have been made intra-cutane- 
ously, intravenously, intramuscularly and intra-arterially. The latter 
injections have been made into the brachial artery through an in- 
l 3 'ing needle introduced through an area of local anesthesia (induced 
iriUi a 0.5 per cent solution of procaine). Following intra-arterial 
injection a pneumatic cuff applied above the site of injection was in- 
flated to a pressure of 100 mm. of Hg for two minutes to prolong 
loailisation of the drug. The pneumatic cuff was then deflated 
slowly over a period of one to two minutes. On several occasions 
measurements of the volume of the forearm and hand were made 
by the displacement of water at body temperature in a calibrated 
cylinder. 

In view of speculations regarding the role played by impurities 

‘Kindly furnished by Dr. H, S. Newcomer, E.R. Squibb and Co., New York. 

‘ X'-Pyridyl-X'bcnzyl-N-dimcthylethylcnc diamine hydrochloride, kindly fur- 
nished by Ciba rharmaccutical Products, Inc., Summit, New Jersey. 

‘ B-Dimelhylaminocthyl bcnzhydtyl ether hydrochloride, kindly furnished by 
Parke, Davis and Co., Detroit, Michigan. 

' Kindly furnished by Merck and Co., Inc., Rahway, Xew Jersey. 
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present in preparations of curare (45) it may be noted here that in 
this study the reactions following curare have been indistinguishable, 
both qualitatively and quantitatively, from those produced by its 
crystalline active principle, d-tubocurarine chloride. 

RESULTS 

1 ntracutaneous A dvihiistration 

The intracutaneous administration of 0.05 ml. of curare or of 
d-tubocurarine solution (containing 1 mg. of curare or 0.135 mg. of 
crystalline d-tubocurarine chloride) into the flexor surface of the fore- 
arm of 34 normal subjects resulted in every case in a wheal and flare 
at the site of the injection with small pseudopodal extensions of the 
wheal in most cases (Figure 1) . The local reaction reached its maximal 
intensity in five to ten minutes, began to diminish 30 minutes later 
and disappeared within two to three hours after the injection. The 
average diameter of the flare at the height of the reaction was 65 mm., 
of the wheal 20 mm., and the average length of the pseudopodal exten- 
sions of the wheal was 9 mm. The subjects reported a transient burn- 
ing sensation at the site of the injection, sometimes followed by 
itching. 

Intra-arterial Administration 

Fifteen to 50 units of curare and of d-tubocurarine were adminis- 
tered intra-arterially to 27 normal subjects. 

The intra-arterial injection of curare and of d-tubocurarine pro- 
duced identical effects which were proportional to the amount of 
drug. Immediately following the injection there was a transient 
burning sensation which extended down the forearm into the hand and 
fingers. Within one or two minutes after the injection there was 
marked loss of strength or complete paralysis of aU the muscles of the 
injected forearm and hand. Motor power returned slowly during 
the next two hours. When the blood pressure cuff was deflated 
(two minutes after the injection) the injected forearm immediately 
became intensely hyperemic and engorged and within two minutes 
after release of the cuff there appeared over the forearm and hand 
numerous areas of blue and purple discoloration, which did not blanch 
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on {)rc--?urc and which resembled ecchynioses (Figure 2). These dis- 
colored areas fadexi gradually and then vanished during the next 30 
minutes. As the discoloration diminished the injected forearm and 
hand gradually swelled with the appearance of a diffuse, firm edema 
which (lit! not jut on pressure, and with the development of broad 



I'll'.. 1. fi.rc.Tnn: 'nu- rc.'jxmsf to tin- intracutani-ou« injection of 0.0.S 

nil. o: cum re. I. eft forc.mn: Theupiur wiical ripn-sents the site of intracutaneou.s 
injccthei of O.O.S ml. aimre after pyriheiirainine (see text). 'Hie lower wheal is the 
site of mitetion of pvrihen.Tamine alone. 

wheals over the anterior surface of the forearm. The swelling and 
wheals were vi.-ii)le 15 minutes after the injection and were maximal 
15 minutes later. 'Ilie wheals were accompanicel by a slight sensation 
of itcliitig. ’nie increase in the volume of the injected forearm and 
hatal varied from 10 to 20 per cent. Where the skin was swollen and 
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tight, as in the hand, there was some blanching, and in these areas 
there was also slight hypalgcsia to pin prick. 

These visible changes were localised to the injected hand and fore- 
arm, distal to the point of injection. The wheals gradually diminished 
and disappeared within a few hours. The swelling persisted for a 
longer period of time, which was proportional to the amount of drug 
that had been injected. Following the administration of 30 units of 
curare or d-tubocurarine the swelling was complctcl 3 ’^ gone within 16 
hours, and, follondng SO units, within 36 hours. 

The visible changes in the injected arm were accompanied by evi- 
dence of marked vasodilatation, occurring first in the injected fore- 
arm and hand and then generally. This was indicated by virtual 
artcrialisation of the venous blood returning from both forearms, as 
rcficctcd by the blood gas contents (Figure 3). Peripheral vasodila- 
tation was also indicated by the progressive rise in the skin temperature 
of both upper c.\lrcmitics (measured in a cold room by means of skin 
thcnnocouplcs) from a prc-injcction temperature of about 20°C. to 
a maximum of 32°C. (Figure 4). The skin temperature rose a little 
more rapidly and to a slightly higher level in the injected arm than in 
the oppo.citc arm, and Uic initial vasodilatation was frequently followed 
by some evidence of transient vasoconstriction (Figures 4 and 6), 
which may have been compcnsatoiy in nature. Further evidence of 
generalised vasodilatation was furnished by the subjective feeling of 
warmtli, giddiness and frontal headache, which were c.\-pcricnccd 
following release of lire blood pressure cuff, and by a transient fall 
in blood pressure wliich averaged 20 mm. of mercurv’ systolic and 10 
mm. diastolic. 

When the curare or d-lubocurarinc was injected intra-arterially 
without temporarily obstmeting the venous return proximal to the 
site of injection the neuromuscular and local and general vasmlar 
effects of the dreg were significantly reduced in degree and in duration. 
Tlic application of a blood pressure cuff alone for two minutes, v.ilh- 
out inlta-artcrial injection of the drug, did not produce any of the 
effects described above. 

Ir.lrc'.cr.cus end 1 rlrariuscuhr Adr::t;h:rc!:c-r. 

ffT.c injection of 15 to 50 units of curare or of d-tubocurarir.c intra- 
venously (at U’.c rate of 25 units a minute) and intramuscularly re- 
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suited in much less marked vascular effects than did intra-arterial 
injection (Figure 4). There was no discoloration of the skin, wheal 
formation, or detectable edema. The rise in skin temperature was a 
little more pronounced and longer sustained following intramuscular 
administration of the drug than after its slow intravenous injection. 

None of the vascular or neuromuscular effects of curare and (f-tubo- 
curarine were reproduced by the intra-arterial administration of up 
to 3 ml. of normal saline or of 0.5 per cent chlorobutanol (pH 4.5), 
the preservative which was present in the preparations that were 
used. The intracutaneous administration to 10 normal subjects of 
0.05 ml. of 0.5 per cent chlorobutanol did produce a slight flare (aver- 
age diameter 12 mm., maximum 20 mm.), but no wheal or pseudopods. 

Comparison with the Vascular Effects of Histamine 

The reported occurrence of h3rpotension, hemoconcentration, and 
bronchoconstriction following the administration of curare and 
d-tubocurarine, and the vascular effects of these drugs which have been 
described above, may be compared with the effects of histamine, an 
agent which in sufficient concentration produces vasodepression, 
bronchoconstriction, and capillary damage. 

The local wheal and flare and sensation of burning and itching 
produced by 0.05 ml. of curare or d-tubocurarine solution was the same 
as that produced by 0.05 ml. of histamine solution containing 2 mg. of 
histamine base per ml. However, the pseudopods produced by 
histamine were two to three times longer than those produced by 
curare and d-tubocurarine, and the generalised vasodilatation and 
headache that occasionally followed intracutaneous histamine was 
never observed after the intracutaneous administration of curare or 
d-tubocurarine. It is of interest that the sensitivity of different 
subjects to the local effect of curare or d-tubocurarine paralleled in 
general their sensitivity to histamine. One subject with diabetic 
peripheral neuritis and evidence of partial sympathetic and sensory 
denervation of his forearms showed no wheal or flare following the 
intracutaneous injection of histamine in the involved area, and absence 
of wheal, with a slight flare, following the intracutaneous injection of 
curare or of chlorobutanol. 

The intra-arterial injection of 0.25 mg. of histamine base into the 
brachial artery produced a transient burning sensation, intense 
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lln-hinr. lr;iii!-irnl tTchymniic ('isrolorntion. dimi'^e swrllitv^ (-H), 
nr.d '.vluvil I'ormatinii in tlic injected arm. distal to the point of 

inirition. 'J'!n^- was accompanied hy evidence of marked \•a^odiIa- 
tation, 0(1 tirrinu' first in the injected arm and then generally, as mani- 
fevU-<! liy a pro;:re';sive rise in the skin tenijUTature of the npinr 
eclTcnitic' !l'ii:iir<‘ Vt. by subjective warmth, piddiness. frontal head- 
ru lie. and transient hyjiotension. Tlie only observed differences be- 
tween the elTects of intra-arterial curare and histamine were the ab- 
.M ine of any chance in the stnuipth of the injected arm following the 
.'Hlrnini'-tration of histamine, and the somewhat greater systemic 
eh'ei I of the histamine, as manifested by greater subjective warmth, 
j’i'idine.'.s. hea.riaehe. and hypotension. 

■Hie tnain ditieri iu e between the peneral vascular etTects of histamine 
;tnd of cuiare was in the preater elTeclivencss of tin- intravenous anrl 
intramusi ular administratimi of histamine as compared to curare. 
'I lie admini'tration of turare by these routes ])rodured a much smaller 
:i-e in the skin temperature of the upper extremities than did the 
inba arterial ndmini'-tration. In contrast, the effect of histamine was 
appioximately the same by any of th.ese routes (I'ipure 4) f5l. 

Hec.-nne (tf the pemral similarity between the vascular effects of 
(luan- or l/•tu!><'rurarine. and of histamine, a study was made of the 
tlifi t of the-e drups. administi-red by various routes, fin the secretion 
<'f aiid by the stomach. The a<iminist ration of (>.2.s mp. of histamine 
]i:oi!i;teil ;i]'i'ro\imateiy the same increa‘-e in the secretion of pastric 
.0 id. via t!u r injected intra-arterially, intravenously or inlr;imu,'=cn. 
latly. (k>. the othi r hand, while (i-inis'i urarine imoducerl a marked 
V'iU in the set re'i”n <if ea-trir m id when administered intra-nrteri- 
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(3 mg. per ml.), prior to the injection of 0.05 ml. of curare or <f-tubo- 
curarine (20 units per ml.) into the same site, inhibited the wheal and 
most of the flare produced by the latter preparations (Figure 1). 
A similar inhibition was produced by benadryl, but a higher concen- 
tration (30 mg. per ml.) was required. The inhibitory effect of 
pyribenzamine and benadryl also could be demonstrated by mixing 
these drugs with the curare or d-tubocurarine prior to the injection. 
These amounts of pyribenzamine and benadryl injected intracutane- 



Fig. 5. Comparison between the influence of tubocurarine and histamine on the 
secretion of gastric acid when administered intra-arterially (• •), intra- 
venously (O- - - -O), and intramuscularly (3 3). Subject A. G.) 


ously had a moderate but less completely inhibitory effect on the 
wheal and flare produced by 0.1 mg. of histamine base, The oral 
administration of pyribenzamine or benadryl (200 mg. 100 minutes 
and again 30 minutes before injection) had a much less markedly 
inhibitory effect on the wheal and flare produced by intracutancous 
curare or histamine than did the local administration. However, 
measurements demonstrated a reduction in the size of the wheal, 
flare, and pseudopods produced by each drug, by as much as 40 per 
cent, and a more rapid disappearance of these local effects. 
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I’v.'ilH nrAmiiic cxliihitcd a markc'ily inliibitory actinn <>n llu- va?- 
n;lar ciU'fts of inlra-arlcrial curare. The iiUra-arterial injection of 
10 me. of ju-ribeneeimine iiroflured inteni-e pain and a fran^ient. dark 
n d lliidi in the injected arm. I'illy unit.-; of curare were then in- 
jcftcd intra-arterially, and the proximal Idood pre.-:>ure cuff released 
two minutes later. The resulting weakness in the injected arm fol- 
lowed the Usual time course (I'ieiire 7) indicatiii}: that the injection 
had been com])lete. However, the lu-jieremia, venous eiigoreement, 
and ecchyinotic discoloration that followed were considerably dimin- 
i'-hed and there were no wheals and almost no swelling of the injected 
arm and hand fl'igure 0). Likewise, the usual increase in the skin 
teni]>erature was almost comidetely inhibited in the injected arm and 
moderately inhibited in the o])posite arm {Tigure 7). The same re- 
sults were obtained by mixing pyribenzamine with curare, in the 
amounts iniiicated above, prior to intra-arterial administration. A 
control injection of 10 mg. of pyribenzamine .alone into the brachial 
atterv had no significant efTect on the strength or temperature of the 
extremities (Figure 

.A similar inhibition of the local .swelling, and local and general 
skin temperature changes jrroduced by the intra-arterial administra- 
tion of curare occurrefl following the or.al administration of 200 mg. 
of pyribenzamine KK) and .'0 minutes before the injection of .SO units 
of < lira re (I’igure 7). The oral .admini.st ration of ])yribenz.amine alone 
had no siimihcant effect on the strength or temperature of the ex- 
trenities il'iirure fb. 


Ah;a:i-f of Iv.'lucncc of Alropiuc r.v.d Acosli^mivc 
or, the \'iise;il>:r Ilf eels of Curo.rc 


Hie wh.eal and jlarc producerl by the inlracutaneous administration 
o’. (Ids ml. of curare tor <f-tubocurarine) contatniru: 20 units per ml. 

m", inhibited by tire juior injection of O.O.s ml. of atrojiine sulfate 
<1.2 me. pr: ml.) or ru-ostiemine mdhyl.'ulfate (0.5 mg. per ml.) into 

the same site. 


l.-.k( th.e tii'.rolorati‘.n, swcllirur, anti wlieal formation of the 
ti'.i atm. .and t;u- evidence of }H-ripheral xa-iodilatation that fcil- 
th.e iutr.'i-artvrial .adr!'.ir;i'trat:<'>n <g' 50 units o'l nirare v.'ere un- 
tn. tiy the pr: »r :ntr.~.-arter;a! admini-.tratiop. of 1 .2 nn:. fit al.^'ijiine 
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Fig. 6. Injection , or 10 mg. Pyribenzamine Followed by SO Units of Curare into the Left Brachial Artery. 

Compare with Fig. 2 
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temperature and grip strength. (Subject E. T.). 

• • Injected arm. 

O -O Uninjected arm, 

X X Room temperature. 
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:.rA in tV.': injccJcd .iTm. Thi:; v.ms r.ccompanicd by a 

jr.i’i'crn!'' in tl^c rbin ;cm}>craturc of tb.c upper cx'rcn'.ilirs 

U irnrc .’in'l n n'.o'ier.nlc increnre in the oxypcii content and 
tfr 'Trr'/c in r.'.flve'! f iioxide cf'^ntcn* (4 ti:c vvnnuji blond of the upper cx- 
trrnnti" , 'l l;;''' t vidrrnc of peripheral v.ar-o'lilatation vras Ic?5 marked 
in the injerted rrTn than in th/- t«ppo?itc arm. perhaps due in i)art 
to the coalir.p rfTcct of the markcfi S'.vcalinp of the injcctcei arm. 

77r Vacul'.T cut] Crr.'.rcl Xcr.oiis Syslcr: Ejjccls 
I'f Vcic-IirylhTCuUuc 

liet-a e rvlhroidinc i<. a tertiary ammonium base v.'hicli, while struc- 
t\;ral]y tii- 'imilar to d-luboairarir.c, ha*- a similar cfTccl on ncuro- 
rmovular funr'i'^n (•?2) and has Ini-n u.‘^c<l by a few invcslipators to 
pT: u'.otr mu'rular relaxation in she'd: therapy (12), tetanus (15), and 
r pa- tic an.ii dy.'tor.ir state'- (10). llic intravenous administration of 
.a tlurap'-utir <h':e of bcIa-tr\-throidine (300 mp., which is equivalent 
in !H ur. nar'^r.’lar elTcrt to alv'nrt 50 units of curare) has been reported 
to came a Iran' lent fall in b!o->d p:e'*'-ure (15, 37), rarely shock (12), 
orc.'.'-i nally central nervnu' system symptom.'-, including drov.'.si- 
!.'■ •, c> nfmi. n, r.r'.'i <!ir orientation (25). 


htuiiy cf th.r eflccts of hcta-crythr-'idir.c hydrochloride ndmin- 
i*!'rr-l intraeutani'-'U- !y tn 10 rubiects (5 nm. in (M ml. at pH 6.5) 


a::d intr. 

a- arterially tei 

three rubjeets 

renah-! 

va- -.'ul.ar ami 

ff.. «r; r 

cib- 1 ft 

-r cuarc lam 

1 d-tr:hr>rur;‘.rir; 

i\‘ t; V:'‘ 

vh.'. r.l fi rm.at; 

.and t vidi m 

t.t* tV 

i.'.t i> *,!' *.v^ -1 ;t'. 


t.* 

» • j ’ » ' 

rvnl r-.ftcr c’ur.* 

*] ; c p f-f.!; 

• >' 


rv.'i - 

:c :\:.u r \] 

^ T « ^ * • ■ . • t * ■ ’ 


■ *' * 

t: t f (.0 ur;it* 

'Vi - •!’: 

f t r ^ « 



.' I t r*. ;* m ; p- 

: tr.*< rv!?:r' ; Ur.:* 


J * : a 

r I c ’ -t r' - 1 *\ 



:r.l 'V-,-! 

t r.'-’ 

. 



- 

" 'r. 7' I vr. '• r. 

tie:' ; 

f * j *" '2* r 



niii nrnpt'n" v,h:di foliowcd the 
it*- f'f cut.arc. 

a'ln-.-ni' trati- n < f Ir'^l to 30*") r;tn. 


ir-;". ar.r! atU'Seh-var;' n in 


c.; n.n- 



316 


GROB, LILIENTEAI, AND HARVEY 


for as long as four hours, and were accompanied by electroencephalo- 
graphic changes of varying degree in five of the six subjects who were 
so studied. These consisted of the intermittent appearance of bursts 
of slow waves (3 to 6 per second) of elevated voltage in all five, usually 
most marked in the frontal leads and increased by hyperventilation, 
increase in the potential and frequency of the electrical pattern in 
four subjects, and increased irregularity in three. In general, the 
electroencephalographic changes paralleled the severity of the central 
nervous system symptoms. The intravenous administration of atro- 
pine sulfate (1.2 mg.) or neostigmine methylsulfate (1.5 mg.) had no 
effect on the central nervous system symptoms or electroencephalo- 
graphic changes. 


DISCUSSION 

The most prominent and best known pharmacologic action of curare 
is its ability to relax and paralyse skeletal muscle by inhibitmgthe 
transmission of impulses across the neuromuscular junction (8). 
Other less prominent pharmacologic effects of curare include its abil- 
ity to produce hypotension, bronchoconstriction, excessive salivation 
and bronchosecretion, and, in overdose, hemoconcentration, shock, 
and depression of the central nervous system. Since these effects are 
produced by crystalline d-tubocurarine, as well as by the more com- 
monly used preparations of curare, they appear to be pharmacologic 
effects of the drug itself and not due to the presence of impurities. 

The vascular effects of curare were not inhibited by atropine, 
which prevents the muscarinic effects of acetylcholine. The swelling 
and wheal formation that occurred after intra-arterial curare could not 
be duplicated by the intra-arterial injection of atropine or neostigmine, 
nor have such effects been observed after intra-arterial acetylcholine 
(22) or adrenaline (23, 33). These observations, and the absence of 
significant anticholinesterase activity of d-tubocurarine (31) make it 
seem imlikely that the vascular effects of curare are cholinergic or 
adrenergic in origin. d-Tubocurarine has been reported to increase 
the rate of loss of potassium ions from isolated muscle (32), but Pearl- 
stein and Weinglass (35) could detect no change in the serum potassium 
of dogs dying after prolonged curarisation. Preliminary observations 
of the effects of the intra-arterial administration of potassium chloride 
revealed that this compound produces severe local pain, but no 
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swelling or wheals comparable to that produced by curare or histamine 
(28). 

Histamine produced local and systemic vascular effects (as well as 
increased secretion of gastric acid) which closely resembled the effects 
of intra-arterial curare. These findings suggest that the intra-arterial 
administration of curare may cause the release of a histamine-like 
substance which produces local edema and wheal formation, local and 
then general vasodilatation, and increased secretion of gastric acid. 
This substance apparently also may be released following the admin- 
istration of curare intracutaneously, and to a lesser degree following 
intravenous and intramuscular injection. 

The differences in degrees of histamine-like effects which followed 
the administration of curare by various routes suggest that the re- 
lease of a histamine-like substance depends upon the attainment of a 
critical concentration of curare in certain tissues. An example of this 
indirect phenomenon is foimd in the report of West (46) who noted that 
the parenteral injection of curatine into intact guinea pigs produced 
bronchoconstriction, while contraction in the isolated bronclms oc- 
curred only after prolonged exposure to much higher concentrations 
of curarine. 

Further evidence that the vascular effects of curare may be mediated 
by a histamine-like substance is provided by the inhibition of the 
vascular effects, both locally and systemically, by the antihistamine 
drug, pyribenzamine. Finally, Alam and his coworkers (4) have pro- 
vided evidence for the release from skeletal muscle of histamine-like 
substances following the administration of curare. These observers 
reported that the injection of curare into an artery supplying the lim b 
muscles of dogs caused the liberation into the circulation of a detectable 
amount of a substance which behaved chemically and biologically 
like histamine, and which was inactivated by histaminase. This sub- 
stance was also released after the rapid intravenous administration of 
curare, and was accompanied by a measurable decrease in the existing 
store of histamine-like substances in the skeletal muscles, which they 
believed to be the chief source of the substance liberated into the 
circulation. This phenomenon was also observed after denervation, 
and therefore was not thought to be dependent on the paralysing 
action of curare. 

The mechanism for the release of a histamine-like substance after 
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the administration of curare and of beta-erythroidine remains im- 
known. Neither d-tubocurarine nor beta-erythroidine contains a 
moiety chemically related to histamine which might serve as a pos- 
sible source. Histamine-like substances have been extracted from all 
tissues (1) and their release has been postulated in many other situa- 
tions, such as allergy, anaphylaxis, and peptone shock, but the mecha- 
nism of release has not been elucidated. The wide range of chemical 
and physical agents that are capable of causing a local wheal and flare 
(27) emphasises further that the release of histamine-like substances 
may be a very general phenomenon. 

The clinical significance of these observations lies in the reported 
occurrence during curarisation, especially if prolonged, of vascular and 
other phenomena which resemble the effects of histamine. The in- 
hibition of such effects by the antihistamine drug, pyribenzamine, 
without affecting the neuromuscular action of curare, suggests that 
pyribenzamine may prove to be of value in the prevention and treat- 
ment of these histamine-like actions of curare. It is of interest that 
the vascular effects of curare were not inhibited by neostigmine; in 
fact, neostigmine itself produced evidence of local and general vaso- 
dilatation, which might potentiate the vascular effects of curare. 
This finding is of clinical significance, since, although neostigmine is 
capable of counteracting the neuromuscular effects of curare, it has 
been found to be ineffective or even harmful when used as an anti- 
dote to large doses of curare. 


We are greatly indebted to Dr. Orthello R. Langworthy, Department 
of Psychiatry, who recorded and interpreted the electroencephalo- 
graphic studies that have been described. Miss Sylvia Beck assisted 
in the skin temperature studies. 

SUMMARY 

1. Intracutaneous administration of curare and of , d-tubocurarine 
chloride to human subjects produced a local flare and wheal with 
pseudopods. Intra-arterial administration produced weakness, dis- 
coloration, swelling, and wheals of the injected forearm and hand, 
evidence of local and general vasodilatation, and increased secretion 
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of gastric acid. Intravenous and intramuscular administration pro- 
duced no evident swelling or wheals, and less peripheral vasodilatation 
and secretion of gastric acid. 

2. The vascular effects of curare were not inhibited by the prior 
or simultaneous administration of atropine or of neostigmine. 

3. The intracutaneous and intra-arterial administration of histamine 
produced vascular effects very similar to those of curare. The main 
difference between the vascular effects of histamine and of curare was 
in the greater effectiveness of the intravenous and intramuscular 
administration of histamine in the production of peripheral vasodilata- 
tion and increased secretion of gastric acid. 

4. The local and general vascular effects of curare were inhibited 
by the prior or simultaneous administration of the antihistamine drug, 
pyribenzamine. 

5. Beta-erythroidine, a depressant of neuromuscular conduction 
chemically dissimilar to curare, produced similar but less marked vas- 
cular effects. It also produced, in contrast to equivalent doses of 
curare, moderate central nervous system symptoms and electro- 
encephalographic changes. 

6. The vascular effects of curare suggest that the intra-arterial ad- 
ministration of this drug causes the release of a histamine-like sub- 
stance which acts first locally, and then systemically. This substance 
apparently also is released after intracutaneous administration, and 
to a lesser degree after intramuscular and slow intravenous injection. 

7. The release of a histamine-like substance following the adminis- 
tration of curare may explain the reported occurrence during curarisa- 
tion of vascular and other phenomena which resemble the effects of 
histamine. Pyribenzamine may prove to be of value in the prevention 
and treatment of these histarm'ne-like actions of curare. 
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PHYSIOLOGICAL STUDIES IN CONGENITAL 
HEART DISEASE* 

III. Results Obtained in Five Cases of Eisenmenger’s 

Complex 

R. J. BING, L. D. VANDAM, and F. D. GRAY, Jr. 

From (fie Department of Surgery, The Johns Hopkins Unhersity and Hospital 

The two previous reports in this series have dealt with physiological 
methods employed in the study of congenital heart disease and the re- 
sults obtained from these methods in patients with tetralogy of Fallot 
(1, 2). This paper presents the physiological studies in 5 selected 
cases of congenital heart disease which had been clinically dassihed in 
the group commonly designated as Eisenmenger’s complex. They 
were chosen out of a total of 8 similar cases since they represented most 
clearly the physiological and clinical aspects of this disease. The clini- 
cal findings in these cases will be discussed mainly in their relationship 
to the physiological data obtained. 

In Eisenmenger’s original publication the complex which bears his 
name consisted of a high ventricular septal defect, an aorta which over- 
rode both the right and left ventricles (dextroposition of the aorta), 
and a dilated pulmonary artery (3). According to current concepts, 
the outstanding clinical features are cyanosis, which usually develops 
later in life, clubbing of the fingers, and in many patients the occurrence 
of hemoptyses (4). A loud systolic murmur is usually heard over the 
base of the heart to the left of the sternum. On fluoroscopy Eisen- 
menger’s complex is characterized by a prominent pulmonary conus 
and marked vascular shadows with expansile pulsations in the lung 
fields (5). 

The physiological methods used in this report have been described 
in detail in the first paper of this series (1). For reasons of clarity, 
formulae used for the determination of various volume flows by means 
of the Fick principle are restated and redefined at this time. 

1. Piilmonary Capillary Blood Flow represents the total amount of 
blood flowing through the lungs. 

* This study was supported by a grant from the Commonwealth Fund. ' 
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Pulmonary capillary flow ml. per min. 


CO 2 output ml. per min. 

CO 2 content of blood reaching alveoli (vol. per cent) 

— CO 2 content of pulmonary vein blood (vol. per cent) 


X 100 


Normally, pulmonary capillary flow equals pulmonary artery flow (6). 
In the presence of collateral circulation pulmonary capillary flow ex- 
ceeds pulmonary artery flow. 

2. Pulmonary Artery Flow is the blood flowing through the pulmonic 
valve into the pulmonary artery. 

Pulmonary artery flow (ml. per min.) 

O 2 intake (ml. per min.) ^ 

O 2 content of pulmonary vein blood (vol. per cent) 

— O 2 content of pulmonary artery blood (vol. per cent) 


The average normal pulmonary artery flow is approximately 3000 
cc./min./M^ (7). 

3. Oxygen content of pulmonary vein (vol. per cent) = percentage 
O 2 saturation of pulmonary vein X O 2 capacity (vol. per cent). The 
percentage of oxygen saturation of the pulmonary vein was assumed 
to be 95 per cent. 

4. ^Collateral Circulation to the Lung represents the volume flow of 
blood to the lung through channels other than the pulmonary artery. 
Collateral circulation to the lung (ml. per min.) = pulmonary capillary 
flow (ml. per min.) — pulmonarj’- artery flow (ml. per min.) 

5. Sj’^stemic Blood Flow is the volume of blood perfusing the sys- 
temic blood vessels. 


Systemic blood flow (ml. per min.) 

_ O 2 intake (ml. per min.) ^ 

O 2 content of peripheral arterial blood (vol. per cent) 

— O 2 content of right auricular blood (vol. per cent) 

The systemic blood flow in the normal individual equals pulmonary 
artery flow. 

6. The Intracardiac Shunt is the rate of blood flow from one ven- 
tricle to the other through a septal defect or from one ventricle into ■ 
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the overriding aorta. According to its overall direction, the shunt is 
referred to as being from right to left or from left to right. 

Intracardiac shunt right to left (ml. per min.) = volume of blood flow 
through the systemic circulation (ml. per min.) — volume of 
blood flow through the pulmonary artery (ml. per min.) 

Intracardiac shunt left to right (ml. per min.) = volume of blood flow 
through pulmonary artery (ml. per min.) — volume of blood flow 
through the systemic circulation (ml. per min.) 

7. The Effective Pulmonary Blood Flow is the amount of mixed 
venous blood which, having returned to the heart from the systemic 
circulation, eventually reaches the pulmonary capillaries. 

Effective pulmonary blood flow (ml. per min.) 

O 2 intake (ml. per min.) ^ 

Os content of pulmonary vein blood (vol. per cent) 

— Os content of right auricular blood (vol. per cent) 

Normally the effective pulmonary blood flow equals pulmonary ar- 
tery flow. 

The assumptions made in these calculations have been discussed in 
detail in a previous conmumication. Special emphasis was placed on 
the difficulty in deriving the oxygen saturation of pulmonary vein 
blood, which was assumed to be 95 per cent. The validity of this fig- 
ure has been confirmed in cases with pulmonic stenosis by analyses of 
blood obtained directly from the pulmonary vein (2). In patients 
with Eisenmenger’s complex, sampling of pulmonary vein blood has 
been impossible. Furthermore, the question has been raised as to 
whether the cyanosis in Eisenmenger’s complex might be the result of 
difficulties in the transfer of oi^gen across the pulmonary alveolar 
membrane (8). These considerations cast some doubt on the validity 
of formula 2 and 7 since it is based on the assumption that the satu- 
ration of the pulmonary vein blood is 95 per cent. If the actual satura- 
tion of pulmonary vein blood were below this value, figures obtained for 
pulmonary artery flow as calculated in this paper from equation 2 
would be too low. The agreement between the pulmonary capillary 
flow and pulmonary artery flow, indicates that the calculated figures 
obtained for pulmonary artery flow may be accurate. Pulmonary 
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diffusion factors constitute a much smaller source of error in the deter- 
mination of pulmonary capillary flow since the latter entails the use of 
carbon dioxide. The diffusion coefficient of this gas is so much greater 
than that of oxygen that pulmonary capillary flow should be accurate 
even in the presence of alveolar lesions which might develop as a 
sequence to vascular changes. In 2 cases, in which the elevation of 
pulmonary arterial pressures indicated increased resistance in the 
pulmonary bed, the pulmonary capillary flow equaled pulmonary 
artery flow. Consequently, despite increased pulmonary resistance, 
the values obtained with oxygen correspond to those obtained with 
carbon dioxide. This indicates that the use of formula 2 for the de- 
termination of pulmonary artery flow is justified in the cases reported 
in this paper. 

Another argument against full saturation of pulmonary vein blood 
as implied by formula 2 has been the assumption that the intracardiac 
shimt was predominantly directed toward the right (8). In this case 
the unsaturation of peripheral arterial blood must be entirely due to 
pulmonary factors. This assumption was based on the belief that, in 
the absence of increased pulmonary resistance, the pressure in the 
aorta must be considerably higher than that in the pulmonary artery. 
Results to be described in this paper, however, show an increase in 
systolic and diastolic pressure in the pulmonary artery. This obser- 
vation indicates increased resistance in the pulmonary vascular bed. 
It is probable, therefore, that mixing currents from right to left rather 
than unsaturation of pulmonary vein blood play the predominant 
role in the production of arterial unsaturation. 

CASE STUDIES 

Casel. J. S. (age 10, date of study Aprfl 4, 1946). This child was apparently 
normal at birth. Cyanosis appeared at the age of 2 after an attack of whooping 
cough. Since that time moderate cyanosis had been evident on exertion. At 
the time of study she could walk a distance of from 3 to 4 city blocks. Her dyspnea 
was relieved by squatting. There was no history of hemoptysis. 

On physical examination her mucous membranes were found to be slightly 
cyanotic. There was moderate clubbing of fingers and toes. The blood pressure 
was 100/70 mm. Hg in the arm. The lungs were normal to percussion and 
auscultation. On percussion the heart was not enlarged. On auscultation the 
second pulmonic sound was abnormally loud. A very soft systolic murmur could 
be heard along the left sternal border. There was no diastolic murmur. On 



STUDIES IN CONGENITAL HEART DISEASE 


327 


fluoroscopy the heart was of normal size. In the left anterior oblique position the 
pulmonary window was not well defined, and in the anteroposterior view the 
pulmonary conus was prominent. There were marked expansile pulsations in 
the lung fields. The electrocardiogram showed right axis deviation. Laboratory 
data revealed a hematocrit of 44 per cent, a hemoglobin of 17 gms. per 100 cc. 
(Sahli) and a red cell count of 4.7 millions per mm’. 

Physiological studies: The standard exercise test was not performed 
by this patient. Table II shows that the pulmonary capillary flow was 
above normal limits and exceeded the pulmonary artery flow, demon- 
strating the presence of some collateral circulation to the lung. The 
significant data obtained from catheterization of the heart are illus- 
trated in Table III and may be summarized as follows: (1) The volume 
flow through the pulmonary artery slightly exceeded the flow through 
the systemic blood vessels. (2) The oxygen content of the pulmonary 
artery blood exceeded that of right auricular blood by 3.4 vol. per cent. 
(3) The effective pulmonary blood flow was 50 per cent below the 
blood flow through the pulmonary arteries and the oxygen saturation 
in peripheral arterial blood was 83 per cent. Intracardiac pressures 
were not recorded. 

Comment. The pulmonary artery flow exceeds the systemic flow by 
only 210 cc. per minute/M^ (Table III). This is not considered 
significant evidence for a preponderant left to right shunt. Shunting 
currents from left to right must exist. This is indicated by the observa- 
tions that the oxygen content of pulmonary artery blood exceeds that 
of right auricular blood by 3.4 vol. per cent and that the effective 
pulmonary blood flow is 50 per cent below the pulmonary artery flow. 
On the other hand, the presence of concomitant right to left currents 
is indicated by the finding that the oxygen saturation in peripheral 
arterial blood is reduced to 83 per cent. 

Case 2. J. P. (male, aged 39. Studies begun on July 17, 1946). The patient 
was told that he was blue at birth. At school his activities were only slightly 
restricted, but with more strenuous exercise he noticed that he became more short of 
breath than his playmates. At 12 years of age cyanosis was noticed by the patient 
for the first time. He had worked for the last 17 years in occupations requiring no 
undue physical strain. He had had an unusual number of coughs and upper 
respiratory tract infections during the winter months, and in 1933 he brought up 
some bright red blood in one of his coughing episodes. At the age of 26 he was 
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told by his physician that he had congenital heart disease. Since then he has had 
difficulty in breathing on climbing two or three flights of stairs and had felt that 
the intensity of cyanosis had progressed. For the last two years he has had a 
dull ache in the region of the left anterior chest wall. This pain was most fre- 
quently noticed in the morning upon arising. Inhalations of oxygen and bed rest 
have not relieved this distress. 

On physical examination there was mild cyanosis of the lips and nail beds. 
There was no clubbing of the fingers. The lungs were clear to percussion and 
auscultation. No thrill could be felt over the precordium. The area of cardiac 
duUness measured 11 cm. to the left in the fifth interspace and 6 cm. to the left 
in the second intercostal space. The heart rate was 55 beats per minute, and the 
rhythm was regular. The second pulmonic sound was loud and exceeded the 
second aortic sound in intensity. A harsh but only moderately loud systolic 
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murmur was heard over the fifth intercostal space half way between the point of 
maximum impulse and the midstemal line. A diastolic murmur was not audible. 
Blood pressure in the arm (by ausculation) was 125/75 mm. Hg. The hemoglobin 
was 19 gms. per 100 cc. of blood (Sahli). The red cell count was 7 millions per 
cmm. and the hematocrit was 61 per cent. The arm to tongue circulation (decho- 
lin) was 40 seconds (single end point). The electrocardiogram revealed left axis 
deviation in the standard leads. 

The fluoroscopic examination showed a large pulmonary artery. There were 
increased vascular markings and slight pulsations in the lung fields. In the oblique 
views the heart did not appear enlarged. 

Physwhgical studies: The results of the standard exercise test are 
summarized in Table I. It can be seen that the oxygen consumed per 
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liter of ventilation increased. The oxygen saturation of peripheral 
arterial blood drawn immediately after the exercise was lower than the 
resting value. 

Figures obtained for the determination of pulmonary capillary blood 
flow are illustrated in Table II. It can be seen that the pulmonary 
capillary flow was at the lower limit of normal and closely approached 
the volume flow through the pulmonary artery. The results obtained 
from right heart catheterization and intubation of the pulmonary 
artery are shown in Table III. They may be summarized as follows: 

(1) The pulmonary artery flow slightly exceeded the systemic flow. 

(2) The blood oxygen content in the pulmonary artery was 2.7 per 
cent higher than that of right auricular blood. (3) The mean pressure 
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in the pulmonary artery recorded with a saline manometer was 65 mm. 
Hg (Table IV). The effective pulmonary blood flow was ap- 
proximately 1000 cc. less than the blood flow through the pulmonary 
artery and the oxygen saturation in the peripheral arterial blood was 
84 per cent (Table HI). 

Comments. The rise in the oxygen consumed per liter of ventilation 
from rest to exercise demonstrates that the effective blood flow through 
the lung can increase suffidently to satisfy the respiratory demands of 
exercise. It seems significant that the oxygen saturation of peripheral 
arterial blood which was drawn immediately after the performance of 
the exercise test is lower than the resting oxygen saturation. This b 
probably the result of shunting of mixed venous blood of lower oxygen 
satmration into the systemic drculation during and foUorring the 
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exercise. Results obtained from catheterization of the right auricle, 
the right ventricle, and the pulmonary artery demonstrate that the 
pulmonary artery blood flow exceeds systemic blood flow by 180 cc. 
per min./M^. This figure is too low to be considered an indication of a 
preponderant left to right shunt. On the other hand, the following 
observations indicate extensive interventricular admixture of blood: 
The oxygen content of pulmonary artery blood exceeds that of right 
auricular blood by 2.7 volumes per cent, and the eSective pulmonary 
artery flow is 1000 cc. less than the volume flow through the pulmonary 
artery. These findings indicate large left to right currents. The 
reduction of the peripheral arterial oxygen saturation to 83 per cent, 
however, demonstrates that some of the interventricular currents are 
flowing from the right ventricle into the overriding aorta. The negligi- 
ble value derived for the intracardiac shunt and the evidence for 
extensive interventricular admixture of blood make it probable that 
the volumes of the mixing currents from right to left and from left to 
right are about equal. 

Case 3. E. S. (age 19 years, date of study November 13, 1946). The patient 
was supposedly normal at birth. When she was 4 years old her parents consulted a 
physician because she had begun to exhibit marked breathlessness with moderate 
exercise. At that time she was found to be slightlycyanotic at rest. Her condition 
had remained the same until she was 15 years old when shortness of breath became 
apparent during the slightest exertion. The shortness of breath could be relieved 
by squatting. Since then she had had spells of dizziness and palpitation which 
lasted several minutes at a time. There had been no episodes of hemoptysis. 

On physical examination her lips were slightly cyanotic and there was minimal 
clubbing of the fingers and toes. There were no abnormal physical findings in the 
lungs. The heat was not enlarged on percussion. There was a slight systolic 
thrill felt over the base of the heart. On auscultation a very low pitched systolic 
murmur was heard. This murmur increased in intensity during mild exercise. 
No diastolic murmur was heard. 

The red cell count was 6 millions per cmm. The hemoglobin was 17.5 gm. 
(Sahli). The volume of packed red cells was 57.3 per cent. The electrocardio- 
gram showed right axis deviation in the standard leads and right ventricular hyper- 
trophy in the chest leads. 

On fluoroscopy the heart appeared to be of normal size. The pulmonary conua 
was full and expansile pulsations in the lung fields could be seen. 

Physiological studies: Table II shows that the puhnonary capillary 
flow was within normal limits. However, it exceeded pulmonary 
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artery flow by 900 cc. The results of the standard exercise test are 
illustrated in Table I. It can be seen that the ratio of carbon dioxide 
produced per liter of ventilation fell from rest to exercise; the ratio of 
oxygen consumed per liter of ventilation, on the other hand, rose. 
The arterial oxygen saturation determined immediately following the 
exercise was considerably lower than the resting value. The significant 



Fig. 1. Illustrates the Findings in Patient ffZ (E. S.) Age 19. 

It may be seen that the systemic flow exceeds pulmonary artery flow, giving 
the intracardiac shunt an overall direction of from right to left. The pulmonary 
artery, however, receives oxygenated blood from the left side of the heart, since 
the oxygen content of pulmonary artery blood exceeds the oxygen content of 
right auricular blood. 

results obtained by catheterization of the heart may be summarized as 
follows (Fig. 1 and Table III): (1) The systemic flow exceeded pulmo- 
nary arter flow by 400 cc. (2) The efiective pulmonary blood flow was 
60 per cent of the pulmonary artery flow. (3) The oxygen concentra- 
tion of the pulmonary arterial blood closely approached that of 
femoral artery blood, while exceeding that of right ventricular and 
auricular blood by 1.9 and 3.7 vol. per cent respectively (the right 
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ventricular sample was collected near the tricuspid valve). (4) The 
oxygen saturation in peripheral arterial blood was 77 per cent. (5) 
The pressures in the right ventricle were 97/36 nun. Hg, those in the 
pulmonary artery 122/86 mm. Hg. Pulmonary artery and right 
ventricular pressures were not recorded simultanously. This prob- 
ably explains the difference in the height of the respective systolic 
pressures (Table IV). 

Comments. The value obtained for pulmonary capillary flow is 
similar to that recorded in normal individuals (6). They exceed con- 
siderably, however, pulmonary artery flow, indicating the presence of 
some collateral circulation to the limg. The results obtained with the 
standard exercise test conform to those obtained in the previous cases. 
Since pulmonic stenosis is probably absent, the effective pulmonary 
blood flow can increase during exercise in proportion to the minute 
volume of respiration. This results in a rise in the ratio oxygen con- 
sumed per liter of ventilation. The findings obtained with the cathe- 
terization of the heart are illustrated in Table III and Figure 1. In 
contrast to the previous case, the systemic blood flow is slightly greater 
than that through the pulmonaiy artery, with the result that the over- 
all direction of the intracardiac shunt is directed from right to left. 
On the other hand, the large difference in the oxygen content between 
blood from the right auricle and the right ventricle and the pulmonary 
artery respectively indicates that the pulmonary artery receives 
oxygenated blood from the left side of the heart. This conclusion is 
also supported by the fact that the effective pulmonary blood flow is 
SO per cent that of the pulmonary artery flow. The aorta, however, 
receives a large amount of mixed venous blood. This is indicated by 
the reduced oxygen saturation of peripheal arterial blood. 

The pressures recorded from the right ventricle and the pulmonary 
artery show an elevation of the systolic and diastolic pressures in the 
pulmonary artery and the right ventricle above their normal values. 
It is possible that the abnormally high diastolic pressure recorded in 
the right ventricle of this patient is the result of an insufficiency of the 
pulmonic valve, although clinical evidence for this is lacking. 

Case 4. V. S. (age 25, studies begun December 9, 1946). The patient is 
said to have been blue at birth. She related that she had been short of breath as 



STUDIES IN CONGENITAL HEART DISEASE 


335 


long as she could remember. In 1943 she had had a normal full term pregnancy 
and since then had had repeated hemoptyses, which at first amounted to little 
more than blood streaked sputum; during the last year the hemoptyses had become 
more extensive, occurring characteristically during the ten to twelve days before 
the onset of menstruation. She had had her most serious hemoptysis a year before 
admission when she is said to have coughed up about a quart of fresh blood. Im- 
mediately following this she was admitted to a hospital where she remained for 
several days. Since then hemoptyses had not occurred. At the time of admission 
for study she had no complaints although her exercise tolerance was impaired. 

On physical examination a slight degree of cyanosis of the lips was present. 
There was marked clubbing of fingers and toes. The lungs were normal on per- 
cussion and auscultation. The blood pressures in the arm (auscultation) w'ere 
120/75 mm. Hg. The heart was not enlarged to percussion and there was no 
thrill. A loud systolic murmur could be heard over the whole left anterior chest 
wall, with its maximum intensity at the left sternal border. No diastolic murmur 
was audible. 

On fluoroscopic examination the right auricle and ventricle seemed to be 
enlarged. This was particularly apparent in the left anterior oblique position. 
There were flatness in the region of the pulmonary conus and increased vascular 
markmgs in both lung fields which showed definite expansile pulsations. The 
hemoglobin was 15.0 gms. per 100 cc. (Sahli). The red blood cell count was 5.4 
millions per cmm. and the hematocrit was 49 per cent. The electrocardiogram 
revealed right axis deviation in the standard leads. 

Physiological studies: The results of the standard exercise test are 
illustrated in Table I. Both the ratios carbon dioxide and oxygen 
produced and consumed per liter of ventilation increased during the 
exercise test. The peripheral oxygen saturation could not be deter- 
mined, but it was observed that the cyanosis increased immediately 
following the exercise. Table II demonstrates that the pulmonary 
capillary flow was within normal limits and slightly exceeded the 
pulmonary’’ artery flow. The results of catheterization of the heart are 
illustrated in Table III and Fig. 2. It can be seen that (1) the volume 
of blood flowing tlirough the pulmonary artery was of the same order 
as tliat perfusing the systemic capillaries; (2) the effective pulmonary 
blood flow was considerably lower than the pulmonary artery flow; 
(3) the oxygen content of pulmonary artery blood exceeded that of 
right auricular blood by 2.5 vol. per cent; (4) the systolic pressure in the 
right ventricle was 112 mm. mercury (Table IV), which represents an 
elevation of approximately 80 mm. of Hg above normal ventricular 
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pressures recorded by Coumand (7). The blood pressures in the 
pulmonary artery were also increased (Table IV). 

Commenls. The rise in the ratio oxygen consumed and carbon 
dioxide produced per liter of ventilation obtained during the standard 
exercise test indicates that the effective pulmonary blood flow increases 



AO«rA 

Fig. 2. Shows the Findings in Patient j5f4 (V. S.) Age 25 
There is a slight preponderance of the overall intracardiac shunt from left to 
right. The observation that the effective pulmonary blMd flow is less than the 
pulmonary artery flow and the finding of a large differcMe between the oxygen 
contents of pulmonary artery and right auricular blood indicate left to right 
mixing currents. 

sufBciently to take care of the respiratory demands of exercise. The 
absence of significant collateral circulation to the lung is demonstrated 
by the fact that the difference between pulmonary capillary flow and 
pulmonary artery flow is small (Table II and Fig. 2). Similarly, as in 
the previous case, there is no preponderant direction of the inter- 
ventricular mixing cunents. This is indicated by the observations 
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that pulmonary artery flow almost equals systemic flow (Table III 
and Fig. 2), It is probable, however, that interventricular admixture 
of blood takes place. This assumption is supported by the following 
facts: The oxygen content of the pulmonary artery blood exceeds that 
of right auricular blood by 2.5 vol. per cent; the effective pulmonary 
blood flow is 1000 cc. less than the pulmonary artery flow, and the 



Fio. 3. Illustrates Continuous Optical Pressure Recordings Obtained 
ERO ir THE Pulmonary Artery and the Right Ventricle of 
Patient (V. S.) Age 25. 

The record demonstrates high systolic and diastolic pressure in the pulmonary 
arteiy. Withdrawal of the catheter tip through the pulmonic valve into the 
right ventricle (arrow in figure) results in a sharp fall of the diastolic pressure to 
zero. The systolic pressure remains constant. 

resting arterial oxygen saturation is below normal (Table III and Fig. 
2). Of special interest are the blood pressures recorded from the 
pulmonary arteiy. As seen in Figure 3 and Table IV, the systolic and 
diastoh’c pressures in that vessel are greatly increased above the normal 
values of 25/8 mm. Hg which have been recorded from the pulmonary 
artery of normal individuals (7). The systolic pressure in the right 
ventricle is also greatly increased. The significance of these pressure 
readings and their diagnostic importance will be discussed below. 
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Case 5. B. S. (male, aged 9, date of study March 12, 1947). This patient 
appeared to be entirely normal at birth. At the age of four months his parents 
had noticed that his heart berts were unduly rapid. In the second year of his 
life blueness of the lips and fingernails had become apparent and had persisted 
ever since with increase in intensity on exertion. The child’s activities had always 
been limited by shortness of breath. In the two years prior to exammation there 
had been a gradual decrease in exercise tolerance so that at the time of entry the 
child could hardly walk a city block or mount a flight of stairs. There had always 
been a marked tendency toward contraction of respiratory infections. No history 
of hemoptysis could be elicited. 

Physical exammation: The child appeared underweight and the posture was 
poor. Mild cyanosis and clubbing of the digits were evident. The lungs were 
clear to percussion and auscultation. The area of cardiac dullness was not in- 
creased and a shock was felt over the precordium. The second heart sound was 
particularly loud in the fourth left interspace. A short harsh systolic murmur 
heard maximally over the third and fourth left interspaces could also be heard 
bilaterally in the interscapular regions. A diastolic murmur was not audible. 
The blood pressure in the arms was 110/90 mm. Hg. 

Laboratory data: The red blood cell count was 5.75 millions per cram, the hemo- 
globin 15.9 gms. (Sahli), the hematocrit 48 per cent and the arm to tongue cir- 
culation time (decholin) was 10 seconds. 

Under the fluoroscope the heart seemed enlarged in both the anteroposterior 
and transverse diameters with the left ventricle more prominent than normal. 
Active pulsations were seen in the region of the pulmonary conus. The hilar 
markings were increased but active pulsations in the lung fields were not present. 

Physiological studies: On performance of the standard exercise test 
both oxygen consumed and carbon dioxide produced per liter of venti- 
lation remained approximately constant (Table I). The arterial 
oxygen saturation was not obtained immediately following the exercise, 
but it was felt that the patient showed a marked increase in cyanosis. 

The pulmonary capillary flow, shown in Table 11, was reduced to 
about 75 per cent^of the average normal index. However, since it was 
equal to the pulmonary artery flow, collateral circulation was not 
present. Other data obtained from right heart catheterization are 
summarized in Table III which contains the following obser\'ations: 
(1) The flow through the systemic circulation exceeded that through 
the pulmonary artery by about 20 per cent, resulting in a right to left 
intracardiac shunt of 440 cc./M^; (2) the oxygen content of the pulmo- 
nary artery blood was witliin 2 volumes per cent of that in the right 
auricle; (3) the eflective pulmonary flow was oifly 75 per cent of the 
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flow in the pulmonary artery, and the peripheral arterial blood oxygen 
saturation was reduced to 83.4 per cent. 

Pulmonary artery and peripheral arterial pressures, shown in Table 
IV, were dampened, hence only mean values could be derived from the 
tracings. In each case a mean pressure of 100 mm. of Hg was found. 
In the right ventricle a systolic pressure of 137 mm. of Hg and a 
diastolic pressure of 12 mm. of Hg were recorded. 

Commcnls. The failure of the oxygen consumed per liter of ventila- 
tion to rise during exercise indicates that the effective pulmonary flow 
fails to increase normally during exercise (Table I). This observation 
is consistent with the finding that the pulmonary artery flow is reduced 
below the normal index (Table III). 

Although the oxygen content of pulmonary artery blood is not 
greatly different from that in the right auricle, left to right admixture 
of ventricular blood must take place as the effective pulmonary flow 
is less than the pulmonary artery flow (Table III). The existence of 
right to left admixture is demonstrated by the lowered peripheral 
arterial oxygen saturation (Table III). There is a suf&cient overall 
right to left shunt of 440 cc. (Table III) 

The findings in this case resemble those in patient 3 (E. S,). As in 
case 3 the pulmonary artery flow is decreased and the overall direction 
of the intracardiac shunt is directed from right to left. In these 
respects the dynamics of both cases resemble those reported previously 
in tetralogy of Fallot (2). Pulmonic stenosis is absent, however, since 
the mean pressure in the pulmonary artery is elevated. In these two 
patients (B. S., S5, and E. S. ^0) the calculated pulmonary resistance 
is considerably elevated (Table IV) and exceeds the peripheral vascular 
resistance. Consequently, in the absence of pulmonic stenosis, the 
predominent right to left intracardiac shunt must be the sequence of in- 
creased resistance in the smaller vessels of the pulmonary vascular tree. 

DISCUSSION 

The clinical histories of the 5 patients who are the subjects of this 
report reveal that dyspnea on ordinarj'^ exertion developed during 
childhood. Two of them had repeated episodes of hemoptyses. In 
case ^'4, V. S., the hemoptysis was so severe on one occasion that it 
necessitated hospitalization. On inspection, moderate clubbing of the 
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fingers and toes and mild cyanosis were found in all cases. On physi- 
cal examination of the heart a systolic murmur was audible in every 
instance. No diastolic murmur could be heard. The lungs were 
ch’nically normal. Laboratory data revealed that the hemoglobin 
content varied from 15 to 19 gm. per 100 cc. of blood, the red cell 
count from 5 to 7 millions per cmm,, and the hematocrit from 48 to 
68 per cent. The electrocardiograms showed right axis deviation in 3 
cases. One patient (J. P., ^2) had left axis deviation. On fluoros- 
copic examination, expansile pulsations in the lung field were seen in 
4 of the 5 cases. Fullness of the pulmonary conus was present in 4 
patients. In one case (V. S., j?4) the pulmonary conus was not 
prominent. 

An analysis of the physiological data demonstrates that the perform- 
ance of the standard exercise test was accompanied in 4 out of 5 cases 
by a rise in the ratio of oxygen consumed per liter of ventilation 
(Table I). In one patient (B. S., ^5) it remained constant. This 
finding contrasts with that obtained in most patients with tetralogy 
of Fallot, in whom this ratio declines during e.xercise (2). The rise in 
this ratio furnishes evidence that the effective pulmonary blood flow 
can increase during exercise. In tetralogy oi Fallot, pulmonic stenosis 
limits the effective pulmonary blood flow during exercise and the ratio 
oxygen consumed per liter of ventilation declines (2). The oxygen 
saturation in the peripheral arterial blood fell in 3 cases, as it did in 
tetralogy of Fallot (2). In the other 2 cases, in whom the arterial 
oxygen saturation was not obtained, cyanosis was visibly increased 
after exercise. It is probable that this is the result of increased shunt- 
ing of venous blood into the overriding aorta, shunting of venous 
blood with lower oxygen saturation, or a combination of both. The 
physiological data obtained wth the standard exercise test, therefore, 
reveal the importance of this test in differentiating cases with adequate 
pulmonary flow from those in whom pulmonary blood flow is decreased. 
Consequently, it has been of value in the preoperative selection of 
patients for operation. 

In 2 patients (E. S., ^3, and V. S., ^4) the pulmonary capillary 
blood flow was within normal limits (6). In 2 others Q. P., ^2, and 
B. S., S 5) the pulmonary capillary flow was slightly decreased, while 
in. J. S. ( 1) it was above normal. Table II indicates that in 2 
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patients (J. P., ^2, andB. S., ^5) values for pulmonary capillary flow 
approached those obtained for pulmonary artery flow, indicating the 
absence of significant collateral circulation to the lung. In 3 indi- 
viduals Q. S., ^1, E. S., ^3, and V. S.,- ^4) some increase in the 
collateral circulation to the lung was present, since pulmonary capillary 
flow exceeded that through the pulmonary artery. It is impossible 
at the present moment to ascertain why some individuals of this 
series have collateral circulation while others have not. 

A comparison of the values obtained for pulmonary artery flow and 
systemic blood flow shows that the pulmonary artery flow slightly ex- 
ceeded the systemic blood flow in 3 cases (J. S., ^ 1, J. P., ^2, and 
V. S., ^4) (Table III and Fig. 2). These findings indicate that in 
these patients there is a slight preponderance of the intracardiac 
shunt toward the right. In E. S. ( S 3) and B. S. ( ^ 5), however, the 
overall direction of the intracardiac shunt was from right to left 
since the systemic flow was larger than the pulmonary artery flow 
(Table III and Fig. 1). Irrespective of the overall direction of the 
intracardiac shunt, interventricular mixing currents existed in all 
patients. Left to right admixture is indicated by the relatively high 
values for the oxygen contents of pulmonary artery blood and by the 
low values obtained for effective pulmonary blood flow. On the other 
hand, the decrease in the peripheral oxygen saturation demonstrates 
the presence of right to left currents. 

These observations are of considerable interest since they permit 
certain assumptions to be made concerning the nature of pulmonary 
hemodynamics. If the total cross-sectional area of the pulmonary 
arteriolar bed were normal in the absence of pulmonic stenosis, the 
intracardiac shunt would be predominantly directed toward the right. 
The preceding discussion indicated, however, that in 3 patients the 
overall volume of blood shunted from left to right was insignificant. 
In 2 individuals there was a significant right to left shunt. In all 
instances pulmonic stenosis was absent since both systolic and diastolic 
pressures in the pulmonary artery were elevated. These observations 
indicate, therefore, an increase in the vascular resistance of the pulmo- 
nary bed. 

This conclusion is further substantiated by the pressures recorded 
from the pulmonary artery (Table IV). It can be seen that in all 
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of them the mean pressure in this vessel is elevated above normal 
values. In E. S. ( ^3) and V. S. ( S4), in whom systolic and diastolic 
pressures were recorded, both pressures are increased (Fig. 3). It is 
probable that in the presence of normal blood flow the elevation of the 
diastolic pressures above normal values of approximately 8 mm. Hg 
(7) represents the result of increased resistance in the pulmonary bed. 
This assumption is supported by the findings represented in Table 
IV. It is seen here that the calculated resistance in the pulmonary 
vascular tree is increased considerably over the normal of 300 dynes/ 
cm'/sec.* In 2 patients (J. P., j^2, and V. S., ^4) the pulmonary 
vascular resistance is slightly below the peripheral resistance. In 2 
cases (E. S., ^3, and B. S., ^5) the pulmonary resistance exceeds the 
peripheral resistance. 

The increase in the resistance in the pulmonary bed is also illustrated 
by changes which occur in the energy expended by the right ventricle 
of these patients. It is realized that in addition to the assumptions 
usually made in the calculations of the work of the normal heart, 
further assumptions have to be made in the cases under discussion. 
This will greatly detract from the accuracy of the results obtained. 
Nevertheless it is felt that the calculation of the work of the heart 
might further contribute to an understanding of the principal hemo- 
dynamic changes in this complex disease. 

It is customary in the calculation of the work of the heart to dis- 
tinguish between velocity and pressure energy (10). Since the veloc- 
ity energy is usually small, and since its calculation is based on figures 
of doubtful accuracy, it is usually neglected in the estimation of the 
work of the heart. In the cases discussed in this paper the relative 
changes between velocity and pressure forms of energy are of impor- 
tance. Therefore it has been necessary to calculate both forms of 
energy. 

In these calculations the components for pressure and velocity 
energy are computed with reference to the aorta and the pulmonary 
artery only. No attempt is made to include the energy contents of 
the blood passing through the interventricular septal defect. The 

‘ The figure of 300 dynes/cm'/sec. was derived from an application of Aperia’s 
formula (9), using accepted normal values for cardiac output and mean pulmonary 
arterial pressure. 
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facts which woiild permit these calculations are too difhcult to ascertain. 
Furthermore, the volume of the overall intracardiac shunt is too small 
to make the energy contents of the blood shunted through the defect 
significant 

The chief assumptions made in calculating the energy relationships 
were the crosssectional areas of the aorta and the pulmonary artery. 
The figures for crcsssection areas used were compiled from normal 
autopsies (11). It is conceivable that in the patients who form the 
subject of the present discussion the pulmonary hypertension led to an 
increase in the crosssectional area of the pulmonary artery over the 
normal. Another difficulty in evaluating the data obtained arises from 
the fact that tlie energy expenditure of the heart varies directly with 
the cardiac output and the mean blood pressure and indirectly with 
the crosssectional area of the large vessels. It is knowm that all 
these factors are determined by individual characteristics such as age 
and sex. Consequently, it is difficult to interpret the values obtained 


> The formulae used in the calculation of the work of the ventricle arc derjved 
from Starling (10). 

(1) Pressure energy (Gram-cms.) = M.P. X S.D. X D. Hg. 

where M.P. = Mean Blood Pressure in the pulmonary artery or aorta (mm. Hgl 
S.D. = Systolic Discharge (cc./min.) 

D. Hg = Density of Mercury 

T, , • . Va X S.D. 

(2) Velocity energy (Gram-cms.) 

2g 

where Va = Velocity of blood in pulmonary’ artery or aorta (Cms./scc.) 

S.D. = Systolic Discharge (cc./min.) 
g = gravity constant 

Va The flow velocity in the pulmonary artery or aorta was calculated according 
to the formula: 

SD 

(3) Va (Cms./scc.) ■= — ^ 

where S.D. «= Systolic Discharge (cc./min.) 

Ca “ Cross Section area of pulmonary’ artery or aorta (Cms*) 

ET = Sy’stolic Ejection period (sec.) 

The systolic ejection period was calculated according to the formula: 

. 60/Pulse rate 

(4) Sy’stolic ejection period (sec.) = — 

8/0 

hlinute volume (cc min.) 

(5) SystoUc discharge (cc./mm.) - (be^ts'per mFnute) 
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for velocity or pressure energy by relating them to normals. Some 
conclusions, however, may be drawn by relating the velocity energy 
of each ventricle to total work and by comparing the work of each 
chamber with that of the whole heart. These relationships can then 
be compared with those existing in the normal. 

It may be seen in Table V that in the right ventricle of the 2 patients 

the ratio is one tenth of the normal. Normally the 

total work 


velocity energy . , . . , . , . , . , 

ratio IS 5 tunes as great m the nght ventricle as m the 

total work 

left (Table V). In the 2 patients, on the other hand, this ratio is 
reversed, being greater in the left than in the right ventricle. This is 
to be expected since normally the right ventricle is not working against 
high puhnonaty resistance. Similar calculations made for the ratio 
velocity energy 

of the left ventricle approach normal values (Table V). 

total work 


This demonstrates that the energy expenditure of the right ventricle 
in overcoming pulmonary resistance is proportionally as large as that 
expended by the left ventricle in the overcoming of peripheral 
resistance. 


The last column in Table V illustrates the relationship of the total 
work of the right ventricle to that of the whole heart. It can be seen 
that normally the right ventricular component is small compared to 
that of the whole heart. In the 2. cases illustrated in Table V, however, 
the work done by the right ventricle comprises almost one third to 
one half of that of the total work of the heart. It is evident that the 
increase in the ratio right ventricular work to that of the whole heart 
is the result of increased resistance in the pulmonary bed. This 
forces the right ventricle to raise the pressure energy expenditure in 
order to maintain adequate blood flow through the lung. It is difficult 
to ascertain the anatomical lesion responsible for an increase in pulmo- 
nary resistance since reports of the microscopic pathology of lung tissue 
in congenital heart disease with increased pulmonary arterial pressure 
have not been published. Burnett and White (12), however, report 
endarteritic changes In the pulmonary arterioles in 2 cases of large 
interauricular septal defect. It is conceivable that similar lesions exist 
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in the cases reported in this paper. Unpublished observations from 
the Department of Pathology of the Johns Hopkins Hospital on several 
cases of dilatation of the pulmonaiy artery with septal defects in 
infants have demonstrated generalized narrowing of the lumina of 
pulmonary arterioles due to thickening of the media and intima. Of 
special significance were the findings that the pulmonary alveolar walls 
were normal (13). 

The results obtained from the study of the patients discussed in this 
series make it apparent that these cases belong both clinically and 
physiologically to a common group, which has been designated “Eisen- 
menger’s complex.” Gross pathological observations make it clear 
that this complex is distinguished from the tetralogy of Fallot by a 
normal or dilated pulmonary artery (4). Quantitative physiological 
observations of this disorder have not been published to our knowledge. 
In his original paper Eisenmenger assumed that the intracardiac 
shunt was predominantly directed from left to right. The results de- 
scribed in this paper indicate that Eisenmenger’s complex is character- 
ized by pulmonary hypertension, by normal or reduced pulmonary 
artery flow, and by a reduction in the effective pulmonary blood flow. 
The resistance in the pulmonary vascular tree is increased and the 
intracardiac shunt is directed both from right to left and from left to 
right. 


SUMMARY 

Five cases of Eisenmenger’s complex have been studied. 

The performance of the standard exercise test was accompanied in 
4 out of 5 cases by a rise in the ratio of oxygen consumed per liter of 
ventilation. The ratio remained constant in one patient. These 
findings are in contrast to those obtained in patients with tetralogy of 
Fallot, in whom the ratio oxygen consumed per liter of ventilation 
usually declines. 

In 3 patients there was a slight preponderance of the intracardiac 
shunt from left to right. In 2 patients the overall direction of the 
intracardiac shunt was toward the left. Irrespective of the overall 
direction of the intracardiac shunt, interventricular admixture of 
blood ejdsted in all cases. 

Increased resistance in the pulmonary bed was indicated by the 
following findings: 
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a. A left to right in tra cardiac shunt was either small or absent. 

b. Both systolic and diastolic pressures in the pulmonary artery 
were elevated. 


The ratio calculated for the right ventricle 

total work 


was 


one tenth of the normal, and the work of the right ventricle com- 
prised one third to cne half of the total work of the heart. 

The relationship of these findings to clinical observations was dis- 
cussed. 
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THE IMPACT OF MODERN PSYCHIATRY ON MEDICAL 
EDUCATION, MEDICAL PRACTICE, AND 
HOSPITAL ORGANIZATION 

LAWRENCE S. KUBIE, M.D. 

The class which graduated from the Johns Hopkins Medical School 
in 1921 has been unique with respect to the number of graduates who 
have become psychiatrists. Five of us interned in the Phipps; and 
since then several others have joined our ranks. This must have 
something to do with the fact that I was selected to represent the 
class at this reunion. It is an honor and an opportunity which I 
appreciate deeply; but there are many others in the class who in the 
intervening quarter-century have made more significant contributions 
to medical science than I have. 

I am embarrassed at the somewhat grandiose scope of the title of 
this paper. On such a topic there is either very little to say, and that 
quite obvious, or else so much to say that one could talk for hours. 
I want to talk to you slowly for emphasis, because I feel deeply about 
these matters; and on the other hand I want to talk as rapidly as I 
can in order to cover as much ground as possible. I remind myself 
of a patient who talked so rapidly that I could barely understand him. 
One day he suddenly caught his breath and said, “The reason I talk 
so fast is so that I can get my money’s worth.” To be here today, 
with the privilege of presenting to you certain views which I have devel- 
oped over the years, is more than my money’s worth. And since it 
would take a hundred minutes instead of thirty to cover this subject, 
I will begin by wasting a few moments by referring briefly to two 
basic issues which I cannot discuss fully. 

There are two problems in the structure of medicine, the solution of 
which is a necessary prelude to a happy marriage between psychiatry 
and organic medicine: the economic organization of medicine, and the 
emotional immaturity of our educational system. With more time 
it would be easy to demonstrate that economic insecurity stands 
between psychiatry and organic medicine, turning initial eagerness 
into rivalry, fear, and hostility. Similarly psychological immaturity 
converts initial interest into outrage and incomprehension. For 
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these basic problems the only cure is a sounder social and medical 
economy, and a more mature educational system from the nursery 
years on up. An adequate discussion of these topics is beyond the 
scope of tins brief paper. 

Nor wall I give you the speech which is c-v-pccted of a psychiatrist 
when he addresses a group of internists and surgeons. I will give you 
no defense of psychiatrj'. I will present no illustrative case histories. 
I will assume that you have heard all of tins many times; and that in 
theory' we are in agreement about the deepening part that psychiatry 
is destined to plaj’ in modem medicine. Instead, on the strength of 
that comfortable assumption , I will go directly to my theme. 

In the 25 years which we celebrate today psychiatry' has changed 
far more than is generally realized, — changed even more than these 
familiar halls. For a primary' preoccupation with the psychoses it 
has substituted a primary preoccupation with the neuroses. True 
there are 600,000 overcrowded beds for psychotic patients in the coun- 
try’; and as many more patients on parole or in remissions or discharged 
as socially adjusted. This however is notliing compared to the 
numbers of human beings with frank symptomatic neuroses, variously 
estimated in this country’ as between 6 and 12 millions: estimates 
whicli arc conservative when we take into consideration the masked 
personality neuroses as well, a group which it will be my argument 
that medicine can no longer ignore. 

This shift in the field of work of the ps 3 'chiatrist creates a large and 
difficult challenge for all of medicine. To understand its full impli- 
cations we must stop for a moment to consider how it has come about. 
As alwaj’s in medicine changes result not from new words, but from 
new techniques and their courageous and dogged if blundering appli- 
cation. The technique that has wrought this change is psj’choanalj'sis: 
because it was our first method for a systematic exploration of conscious 
and unconscious levels of the personaliU’. This is not to say that 
psj’choanaK’sis is a perfect instrument, or that it is the ultimate 
answer. Far from it. In his own summary of psj’choanalysis in the 
1926 edition of the Encyclopedia Britannica, Freud himself said ex- 
plicith’ that in the long and retrospective \‘iew of science, psj’cho- 
analysis will be seen to have been important not as a technique of 
treatment but as a first approadi to a scientific understanding of 
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human nature. This understanding has been won through bitter 
and often heart-breaking struggles to analyze the neurotic process, 
both in those states of decompensation which we call neuroses, and 
in the masked neurotic process which influences the daily lives of all 
of us. There will be better and briefer methods of treatment; but 
it is worth a word of warning that we do not possess them yet, that 
although we are working on them and moving towards them, premature 
claims should be heard with careful scepticism. . , . 

In the meantime the study of human nature, like the study of 
physiology, proceeds from the investigation of pathological deviations 
(i.e. neuroses) to the study of the normal. Here again, psychiatry 
is recapitulating the history of medicine in general. Twenty-five 
years ago in these United States only about 50 men were attempting 
to deal with the neuroses, either in private practice or in community 
agencies. Of these 50 about 20 called themselves analysts, only a 
few with any real right to the name. Today there are nearly 400 
well-trained analysts in the country. In New York City, 125 phy- 
sicians are members of the New York Psychoanalytic Institute which 
is training about 120 physician-students: and nearly 150 applications 
are on file for next year, largely from veteran medical ofiScers. This 
is an indication of the change which is in progress within psychiatry 
itself. When I think of the past I am amazed at the change in our 
medical and cultural outlook which has been started by these few 
students of human nature and its subtle pathology. I am tempted 
to paraphrase Churchill and say, “Rarely in the history of medical 
science has so much been owed to so few.” 

At the same time I might add that I am also amazed by the per- 
sistent power of the neurotic forces in human nature which make it so 
difiicult for us to learn either from our own experiences or from those 
of others. Again and again medical schools which made obvious and 
predictable blunders in their choices of psychiatric leaders a quarter 
of a century ago, today are repeatmg these errors by placing the choice 
in the hands of those who are devoid of any understanding of the 
needs of modem psychiatry, and who are actively hostile to psychiatry, 
or into the hands of those who still think of psychiatry in terms of 
the psychoses. As one who spent many precious years making himself 
respectable on psychiatric wards, in the laboratory and in organic 
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ncurolog}’, let me say quite explicitly that xTiluable though all of that 
may have been to me in my own emotional development, I did not 
begin to start to become a psychiatrist worthy of the name until I 
began the analytic study of the neurotic process. For this there is no 
substitute! Men who know all there is to know about the psychoses 
may still be ignorant as babes about human nature and the neuroses. 
From his army experiences, William C. Menninger could verify this 
many times over. 

Furthermore, clinical maturity comes slowly to the psychiatrist. 
In internal medicine or surgery the house officer can see thousands of 
patients in a 3 'car. Not so in thestudj'of the neuroses. Consequently, 
even though one learns a great deal from the intensive analytic 
study of a few patients which is broadly applicable to many, it takes 
10 to 15 j-ears to acquire in psjxhiatiy' the broad clinical experience 
that can be gained in a few j'ears in other medical fields. I will say 
quite frankly that I am not proud of many things in my life; but I am 
proud that many years ago I had the clarity and courage to refuse 
several enticing academic offers which would have permanently 
stunted mj" own development by swamping me witli teaching and 
administration and by making it impossible for me to secure analytic 
training and c.xperiencc. And I know several other men who have 
had to make the same choice. In no other field of medicine do we pay 
as high a price as in psychiatrj' for burdening immature and promising 
\-oung psN'cliiatrists with academic honors which prevent their further 
growth. 

I mention these otherwise unimportant personal experiences only 
because I believe tliat tliej* point up a general lesson. Tliey mean, if 
they mean anything, that we must rc-c.xamine our ideas of how to 
train ]is\xhiatrists, and of who should be trained. To this I will 
return later. 

First, however, since cvciv'thing I have to say centers around the 
neurosis, 1 would ask jxu to consider with me the significance of three 
crucial facts about the neurotic process; (1) that it is actually and in 
reality universal; (2) that it can and does co-c.'dst with everj- other 
mediaal and surgical ill to which wc arc heir; and (3) that it is so often 
masked. 

Its universality micans that that preventive psA’chiatiy* of which wc 
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have all heard so much and seen so little must somehow be made a 
living reality in our culture and in the medicine of the future. 

Its co-existence with organic disease means that there is need for 
far more extensive and intensive psychiatric service in all hospitals 
and clinics and private offices than has ever been contemplated in the 
past, with far larger staffs of psychiatrists than you now conceive. 

Its masking means that screening and sifting devices and personnel 
trained to use such devices must be made available for this work in 
many areas of life; not only in hospitals, but also in schools, industry, 
social agencies, and government. 

First, then, what can we say about prevention? Over the years we 
have all heard much about mental hygiene and preventive psychiatry, 
much talk with little achievement. In the main this is because there 
has been no such thing as early treatment. Prevention could mean 
much more than treatment; but that which can be done in the nursery 
or in the community to prevent neuroses requires a population which 
is emotionally more mature, better instructed, more informed, and 
freer from bias and bigotry than exists. Taking the world as it is 
today, prevention means primarily one thing: to treat every flurry of 
psychiatric symptoms as a medical emergency. This means early 
treatment of every transitory neurotic episode of childhood. It 
means treatment of the adult before neuroses become fixed and irre- 
versible. Psychiatry must cease to be always too little and too late. 

Neuroses constitute the largest medical problem in the world; more 
imiversal even than a common cold in the midst of an epidemic. The 
so-caUed “neurotic” explosions of childhood are inevitable develop- 
mental episodes in the life of the normal infant and child. That 
which we call a psychoneurosis is merely a symptomatic crisis, a 
transitory or persistent period of decompensation in the course of an 
incessant struggle, one that goes on in every human being throughout 
his life, a struggle between normal and neurotic forces. The neurotic 
process is active in every one of us from birth to death. For the most 
part, it is masked, manifesting itself in our personalities, in our ways 
of living and working, of loving, of building families. We live not- by 
a series of free choices but by a sequence of automatic compromises 
between unconscious forces and conscious forces which are engaged in 
a process of conflict and compromise inside of us. The neurotic epi- 
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sodcs of infancy, childhood, and of early adolescence arc the earliest 
crises in this conflict, moments in which the unstable dynamic equi- 
librium tilts in one direction or anotlier. To handle these episodes in 
the traditional fashion by discipline, argument, and exhortation, by 
rewards and punishment, by harshness and terrorization, may drive 
the conflict underground but cannot resolve it. And unless the under- 
lying conflicts arc resolved, out of each such episode of psychic de- 
compensation, the child oirrics a residual scar of buried tensions which 
limit his flexibility and his capacitj' to adjust to the next period of 
strain in his life. If, on the other hand, these early neurotic episodes 
arc treated promptly and intensively then the conflicts can usually be 
resolved so completely that the indKddual is left with no residual 
difilculty, and goes on his way through life strengthened and free. 
ITiis is why the use of early therapy in childhood constitutes preven- 
tive psychiatry for the adult, freeing the grownup from the crippling 
aftcr-cfTects of the neurotic episodes of childhood. Therefore the 
treatment of the child and adolescent is proving to be one of the most 
rewarding of all experiences in medicine from the point of view of the 
individual; and if more widely used it can be the source of hope for a 
greater emotional maturity in our whole culture. Thus although the 
realization that neuroses are universal at first seemed dismaying, its 
ultimate implications offer us our best and perhaps our only hope for 
the future of the human race. If greed and discontent and hatred 
and fear arc manifestations of a universal illness whicli can be pre- 
vented by early treatment, then we may someday conquer them; not 
by religion and the arts, but by science. 

The next preventive step would seem to be tlic in\Tision of psychi- 
atiy into the general hospital. This, however, is worse than useless 
when it is as half-hearted and as under-staffed as is usual. Early 
treatment requires early diagnoses of incipient neurotic difficulties, 
diagnoses b.Tscd on positive evidence and not merely on exclusion of 
the organic. This in turn, when applied on a large scale, means 
psychiatric screening. Our services learned the importance of this. 
The llritish learned it when they screened tlie 21st Army Group for 
combat before D Day. They learned it when they screened repatri- 
ated prisoners of war for return to ci\'ilian life. They learned it in 
the War Office Selection Board which screened candidates for officer 
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training school by methods not unlike those used later, and partly 
borrowed, by our own Office of Strategic Services. 

There is evidence that psychiatric screening of initial admissions 
would make possible quite sizable economies in clinic and hospital 
practice, and ultimately in hospital re-admission rates. The percent- 
age of unrecognized and untreated psychoneurotics among the re- 
peaters in out-patient and hospital practice is extremely high.. In 
hospitals therefore one of the first requirements is an adequate 
screening system. Such a system implies that a psychiatric appraisal 
should be made early in the examination of every patient, and before 
subjecting him to every last organic examination which could possibly 
throw any light on his illness. This runs counter to current practice, 
which tends to exhaust the possibilities of organic investigation before 
attempting to find out what kind of a human being the patient is. 

This change in procedure would save more than time and money. 
The battery of organic procedures may subject patients to serious and 
even irreversible psychiatric damage, confirmmg unspoken convictions 
and fears that something physical must be wrong. The patient who 
has not been carefully prepared often feels that the doctors would not 
put him through so many uncomfortable, expensive, and time-con- 
suming tests “if nothing was wrong with me.” The mere fact that 
the results of the tests are negative means little to the patient, com- 
pared to the emotional experience of being subjected to so many exam- 
inations. The doctor comes out of the orgy of tests with the conviction 
that the patient is physically sound; but the patient emerges with a 
deep belief that he has a mysterious ailment the nature of which the 
doctor is hiding from him. If psychiatry becomes part of the initial 
screen which greets every patient when he is admitted to a general 
hospital, to an out-patient dispensary, or when he enters the office 
of the private internist or surgeon, and if all invidious distinctions are 
avoided by making the psychiatric examination as routine a part of 
the initial evaluation of every patient as is the general inspection which 
initiates the physical examination, or the determination of blood 
pressure, hemoglobin, and urinalysis, — then much of the waste motion 
of traditional practice could be avoided, and patients could be spared 
a great deal of confusion. 

In practical consequences what does this mean? 
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For several years before the war I ran a psychiatric service in a 
general hospital (Kubie, 1). This was not merely a consultation serv- 
ice on call from ward to ward, leaving behind a trail of interesting 
but unused diagnoses. We set up our psychiatric service only where 
we were invited, and only where we were allowed to install a threerman 
psychiatric team as a permanent and integral part of the ward. Each 
psychiatric team consisted of a mature psychiatrist who had had sev- 
eral years of experience in the analysis of the neuroses, and under him 
a couple of younger analysts. Gradually as we worked along, one 
service after another throughout the hospital asked us to install similar 
units; until we had ten teams, or thirty psychiatrists, working through- 
out the hospital. Everywhere we had the same experience. We 
would begin by seeing 1 to 2 per cent of the ward population. Within 
six months we would be called upon to see between sixty and seventy 
per cent, plus many of the doctors and nurses. Indeed our colleagues 
used to complain at the numbers of nurses and house officers who had 
previously been heading towards other specialties and who now planned 
to become psychiatrists. 

It became evident that more universally and more subtly than is 
realized, neurotic discontent finds a safe and happy refuge in physical 
illness. 'Just as most women are happiest in the refuge of pregnancy, 
so the average human being, unless he has a specific phobia of disease 
is actually happier when he has measles or a broken leg then when he 
is facing himself and the world without such an alibi. This may be 
true even when the illness involves great pain. Physical ailments thus 
serve unconscious psychological purposes identical with those of the 
simulated illnesses of a conversion hysteria or of other psychopatho- 
logical conditions, enabling the patient to hide from emotional diffi- 
culties. So generally true is this, that we learned to be suspicious of 
any patient who made too comfortable an adjustment to life on the 
hospital ward. We learned a lesson which the army never quite 
accepted, namely that the model patient of the army hospital aU too 
frequently becomes the chronic repeater of the Veterans Administra- 
tion. Somewhat reluctantly therefore we faced the fact that on every 
ward of every hospital in every bed lies a human being who is caught 
in conflict between normal and neurotic life forces, a conflict from 
which in many instances he achieves a transitory and deceptive peace 
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of mind through the welcome disguise of physical illness. This in turn 
brings us up against the unwelcome fact that convalescence is rarely 
an unmixed blessing (Kubie, 2). For most men convalescence means 
rather a return to those lives of quiet desperation which Thoreau 
ascribed to all of us. Once we grasp this, it becomes our duty as 
physicians to bring to the surface and to treat the masked neurosis in 
the convalescent just as carefully as we treated his more obvious 
broken leg. Instead, as things go today, just as soon as the bone is 
set we are only too glad to dismiss our patient as “cured”, returning 
him to his purgatory with a sigh of relief at getting him off our hands 
and off our wards. In the not too distant future, we may discharge 
our patients through convalescent pavilions where their emotional 
needs will receive care as expert as their broken bones. 

Thus psycliiatry in our hospitals can do three things: (1) It can 
screen at the admitting office; (2) It can treat both the patient in the 
hospital, and his home through the psychiatric social service of the 
hospital; (3) It can prepare him for the strain of a return to health. 
The same functions can be played by the psychiatrist in a general 
private practice; but only if a true partnership is created between the 
psychiatrist and the internist or surgeon in their private offices, identi- 
cal to that which is needed in hospital organization. This partnership 
will have to be financial as weU as scientific, if it is to meet this prob- 
lem squarely. 

There are many other areas of life in which psychiatry is needed, 
areas which do not come strictly within the province of medicine, but 
which complicate our problem by the demands they make on our edu- 
cational facilities. Psychiatric knowledge is needed in courts, schools 
and colleges, in social agencies, in industry, in the introduction of 
young people to the problems of marriage and of child-raising (Kubie, 
4). Some believe that psychiatry may even be of importance for 
the imderstanding of economic, social and governmental problems, 
and in dealing with the origins of inter-racial strains and international 
hatreds. 

How many psychiatrists do we need to perform all of these tasks? 
If psychiatric problems confront us with significant diagnostic and 
therapeutic problems in 60-75 per cent of all medical practice, do we 
need one psychiatrist for every internist and surgeon? Fortunately 
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not: but it is a conservative estimate that we do need at least 30,000 
men and women trained in psychiatric knowledge and technique. 
Where are they to ccme from? Kubie, (3.) 

No matter how well trained he is to a psychosomatic attitude, it is 
not likely that the busy practitioner will ever be able to be his own 
psychiatrist. Even if new methods materially shorten the duration of 
• treatment, individual psychotherapeutic sessions have to be long. 
Therefore, just as it is impossible for a psychiatrist or a brain surgeon 
to undertake general medical responsibilities, conversely, the busy 
doctor or surgeon cannot devote several hours out of his day to the 
treatment of a few patients, because to do this would interfere with 
too many of his other professional responsibilities. Consequently, 
even if the internist or surgeon could acquire the necessary psycho- 
therapeutic techniques, the time requirements are such that he could 
not often serve as his own psychotherapist. Indeed experience shows 
that when he undertakes to do his own psychotherapy, the pressure of 
other professional obligations usually forces the internist or surgeon to 
use superficial techniques which relieve symptoms temporarily but 
obscure the underlying neurotic process. This, thereupon, goes on 
imchecked until it breaks out later in more serious form. The psychi- 
atrist frequently sees patients to whom this has happened, especially 
among the patients of those internists and surgeons who are most 
S3nnpathetic to psychiatry, and who therefore attempt psychotherapy 
on their own. 

This still leaves us to face the problem of where these vast numbers 
of men trained in psychiatric and psychotherapeutic techniques can be 
recruited or trained. We know that after 1910, the drive to raise the 
level of medical education cut in half the number of medical schools 
and medical students, and that the relative number of medical students 
has never since caught up to the growth of the population. Nor is 
there any indication that our facilities for medical education will in- 
crease rapidly enough even to take care of the need for more internists 
and surgeons, much less to take care of this need for vast ntunbers of 
additional psychiatrists. As I have said, we need 30,000. We have 
4,000; of whom 3,000 work in hospitals and only about 1,000 in com- 
mimity agencies and private practice. We turn out about 75 a year: 
barely enough to balance the annual loss from disability, old age, and 
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death. How can we make up this deficit? There are only four alter- 
natives, and these are not in any sense mutually exclusive: (a) by 
bringing up people so free from neuroses that they will not need psychi- 
atry; a shining goal, but hardly of immediate help; (b) by training 
surgeons and internists to be their own psychotherapists; as we have 
seen, a plan that is not likely to work well; (c) by training more psychi- 
atrists in our regular postgraduate medical curriculum; an essential 
step, but one which is limited by reason of the fact that the training 
takes about twelve years after graduation from college; (d) finally, by 
training a new para-medical profession, a doctorate in medical psychol- 
ogy and psychotherapy. 

It is sometimes argued that our medical schools and teaching hos- 
pitals should take under their wings the development of a new para- 
medical specialty, creating a new doctorate in medical psychology, in 
which men could be trained in six to seven years after a Masters degree 
in academic psychology, these years to include clinical apprenticeships 
both in general and in psychiatric hospitals. This would save about 
half the time which it takes to train a medical psychiatrist, thus in- 
creasing both the number of trained individuals, and the number of 
years each man would have in which to use his special knowledge. 
This would make treatment available at lower cost both to individual 
patients and to the community; since training which takes only five 
to six years can be supplied at less expense than a training which takes 
ten to twelve years. Clearly, the pros and cons of such a solution 
should be carefully considered. 

On philosophic grounds, the understanding of the psychological 
instrument by which humans live cannot remain the exclusive field 
of a small band of specialists. Instead, it must become the core of our 
educational process; and only the specific techniques of therapy will 
remain the special preoccupation of the psychiatrist. The ancient 
Greek admonition to “Know thyself” remained an empty hope until 
techniques came into our possession for penetrating to the unconscious 
neurotic forces that determine so much of the surface of our lives. On 
practical grounds, if we believe that psychiatric training is important 
not only in medical installations but also in so many other areas of 
life, then clearly it will never be possible to supply all of the trained 
medical psychologists and psychotherapists out of the medical pro- 
fession alone. 
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Furthermore, it might be well to keep in mind the fact that events 
are moving forward xmder the pressure of a universal human need 
which will not be denied. It is putting our heads in sand to pretend 
that we can prevent the development of some such new discipline by- 
standing up resolutely and sa 3 dng that nobody -without a medical de- 
gree should ever perform any psychotherapeutic functions. Today, 
all over the coimtry thousands of so-called clinical psychologists are 
being trained for this very purpose, but -with no medical super\dsion or 
training, entirely outside of the atmosphere and tradition of thera- 
peutic responsibility which is found in teaching hospitals and medical 
schools, with wholly inadequate clinical grounding, and -without di- 
rect first-hand familiarity -with any of the phenomena either of organic 
or of psychiatric illness. To shut our eyes to this is foUy; and to re- 
fuse to accept responsibility for training in this field will result in the 
country’s bemg flooded by people who are inadequately trained. 

It is not -within the scope of this paper to present a detailed analysis 
of what elements of the medical curriculum would be retained in the 
training of such a para-medical specialty, and which could be elimi- 
nated. Careful study of the curriculum indicates, however, that out 
of approximately 6,000 hours in the entire medical curriculum, at 
least one-third could be eliminated to meet the needs of a curriculum 
in medical psychology by devoting them to psychological and psychi- 
atric issues. That any such plan would create difficult problems with 
regard to space, stafiuig, and financing is obvious; but the fact that the 
problems are difficult does not mean that they are insoluble. 

The existence of a para-medical curriculum in medical psychology 
■within the framework of our medical schools would ultimately exer- 
cise a profound reciprocal influence on medical education. The anat- 
omy and physiology of human personality, its inter-relation with social 
and economic stress, and their combined influence on organic and 
psychiatric disease would become a part of the curriculum for medical 
students from their first days in school; and medical science would 
then become in fact the three-legged stool described so aptly by Stan- 
ley Cobb, standing firmly and equally on internal medicine, surgery 
and psychiatry. 

There -will always be a function for the medically trained psychi- 
atrist; but the psychiatrist alone caimot be the exclusive guardian of 
the mental health of a whole people, in dealing with problems which 
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affect 130,000,000 people, and which include every aspect of their re- 
lationship to one another, and every stage in their development. 
Instead, those who are trained in a new para-medical psychology, 
widely dispersed throughout the entire life of the community, might 
well become a starting point for a profound cultural evolution. And 
at the same time within our hospitals and medical schools, through a 
process of healthy cross-fertilization, they might exercise a maturing 
influence on our medical students, and — I might add — on our medical 
faculties. 

This whole idea has its roots in the psycho-biology which is so famil- 
iar to us here. Two levels of integration, two overlapping but not co- 
extensive areas of scientific knowledge, and two technical systems can 
best be represented not by one person but by two, two scientists who 
have a common goal but different aptitudes, overlapping but not 
identical curricula, and two coordinated systems of therapeutic 
methods. If, in the psycho-biological team of the future, we will 
train the psycho half as well as we have trained its bio half in the past; 
then out of the two could be formed a team which would make of 
psycho-biology a living reality, a reality not in medicine alone but in 
our whole culture. 
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(These reviews represent the individual opinions of the reviewers 
and not necessarily those of the members of the Editorial 
Board of this Journal) 

The Anatomy of the Nervous System. By Stephen W. Ranson and Sam L. Clark. 
8th Ed. Ulus. 532 pp. $6.50. W. B. Saunders Company, Philadelphia, 
Pennsylvania, 1947. 

This is the latest revision of Ranson’s widely used text, and the first under the 
editorship of Professor Clark. The book is slightly larger — 12 pages and 9 figures 
have been added — than the 1943 edition, and the general style of presentation is 
unchanged. Certain chapters and parts of chapters have been reshuffled to in- 
crease the integration and continuity of the text. For example, the gross anatom- 
ical descriptions, which previously were scattered throughout the book, are here 
grouped into one chapter. Numerous additions from the experimental literature 
are found, and the discussion of clinical cases has been partly rewritten and im- 
proved. The discussion of cortical localization has received much needed attention, 
but the significant, recent contributions to sensory localization are still sadly 
neglected . The reviewer’s special interest in the histogenesis of nervous tissue, and 
in the motor system of the spinal cord is unsatisfied by this part of the book, because 
of the editor’s neglect of many important contributions. The recent histochemical 
studies of chromatolysis are not mentioned here. Many of the papers cited in the 
text have not been added to the bibliography. 

The new editor should be complimented on the improvement of this volume over 
its already excellent predecessor, and it is to be hoped that the few still patent 
weaknesses will be corrected in future editions. 

J. M. S. 

The Compleat Pediatrician. By W. C. Davison. 4th Ed. 256 pp. $3.75. 
Duke University Press, Durham, North Carolina, 1946. 

This is the fourth edition of Dr. Davison’s bock. The preface emphasizes the 
fact that the volume is “an effort to compile and record briefly those practical pe- 
diatric facts, which though essential, usually slip from memory.” The Compleat 
Pediatrician does contain an amazing amount of useful information, clearly stated 
and readily available. There are sections which list the diseases involving the 
various systems of the body, briefly enumerating the important signs and S3Tnptoms 
of each. However, the sections on laboratory procedures, general treatment and 
nursing, drugs and prescriptions appear to be of most practical value and cover 
material which is usually lacking in standard pediatric text books. Such tech- 
niques as cisternal puncture, parenteral administration of fluids, skin testing, etc., 
are rather fully described and make the book most useful to the interne in pediatrics 
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or to the practitioner who is required to carry out these procedures. In the section 
on laboratory methods are listed tests in common use in the study of diseases of 
children, given in sufficient detail to warrant its use as a laboratory manual. The 
practicality of this little book may be illustrated by the fact that it even includes 
a section listing essential drugs and equipment for a pediatrician's bag. The 
title page of the Compleat Pediatrician states that it is written for the use of medical 
students, internes, general practitioners and pediatricians. The book appears to 
be of little value as far as medical students are concerned. It is far too practical 
for their purposes and by its very nature cannot elaborate on the fundamentals 
necessary for basic training in pediatrics. . As a reference book, the Compleat 
Pediatrician does have its place in the library of the interne, general practitioner , 
and pediatrician. 

S. G. 

Chronic Disease and Psychological Invalidism, a Psychosomatic Sindy. By Jurgen 
Ruesch. 191 pp. $3.00. The American Society for Research in Psychoso- 
matic Problems, New York, New York, 1946. 

The authors have investigated the economic, social, physical and psychological 
factors which influence the course of chronic disease and psychological invalidism. 
Psychoneurotic patients without physical symptoms were excluded and the symp- 
toms had to persist over a period which exceeded the time commonly needed for 
recovery. 

There were 187 cases rangmg in age from 13 to 73 years with a mean age of 
35.3 years. In 91% of the cases of delayed recovery there was reported 1 : pain in 
a variety of locations. 2: gastrointestinal symptoms. 3: anxiety features. 

Two groups of cases are differentiated. A; those who had a diagnosed or identi- 
fied disease. B : those who never did. The former group is comprised of individ- 
uals who have “physical disease with psychological complications” while the latter 
group consisted primarily of “psychoneuroses with physicalc omplications.” 

In 73% of the patients there were self-destructive tendencies found as being 
significant for their delayed recovery. Only 15% of the patients experienced im- 
personal or external change in their life situations as compared with 45% of the 
patients who were exposed to significant alterations in their intimate, human en- 
vironment. 

There is included an account of the pertinent psychological problems in general 
medicine. 

This monograph can be highly recommended to every student of medicine. The 
surgeon, who is confronted with patients who are overly-anxious to be operated 
upon, or who already have had multiple operative procedures, the orthopedist, who 
is faced with a patient who is accident prone and who has had a history of more 
than the expected number of fractures, the physician, who is puzzled by the patient 
who has a tendency to be “susceptible” to multiple illnesses, will be better able 
to understand the motivations and character structure of their patients after read- 
ing this book. 


J. H. C. 
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Difereniial Diagnosis of Jaundice. By Leon Schiee. Ulus. 313 pp. $10.00. 
The Year Book Publishers, Chicago, Illinois, 1946. 

Dr. Sdiiff has organized a very excellent gastroenterological department at the 
University of Cincinnati and Cincinnati General Hospital. This monograph has 
the authority of that department as well as of Dr. Schifi’s excellent personal reputa- 
tion. The subject of jaundice is always a complicated one. There are few physical 
signs in medicine and surgery that are so protean in their causation and mechanism 
as is jaundice. 

The book considers the classification of jaundice, and then considers separately, 
parenchiTnal jaundice, neoplastic jaundice, calculous jaundice, retention jaundice, 
and a separate section on jaundice of the neonatal period. Finally, there are sec- 
tions on the clinical and laboratory diagnosis of jaundice. The newer tests, such 
as thymol turbidity received adequate notice. 

The work of Rich and of McNee is given due credit, and the book is furnished 
with an adequate and extremely up-to-date bibliography. It can be safely recom- 
mended as profitable reading to aU practitioners and students. 

H. H. 

Diseases of the Relina. By Hepjsian Elwyn. Illus. S87 pp. $10.00. The 
Blakiston Company, Philadelphia, Pennsylvania, 1946. 

This volume is divided into eight sections dealing with disturbances in circula- 
tion, vascular malformations, hereditary' changes, inflammatory diseases, tumors, 
conditions leading to retinal detachment, developmental anomalies and injuries 
of the retina from radiant energy. 

The volume is well written, the subject matter is comprehensive, there are well 
constructed descriptions of many disease entities which, heretofore, have either 
been ignored or inadequately described in the conventional text-books on ophthal- 
mology. The book is, therefore, thoroughly worth while and merits a place in 
every ophthalmological library. 

There are, however, definite weaknesses in some of the presentations. First, 
there is too often a tendency to consider the retina as a separate structure especially 
vulnerable to certain morbid processes, rather than as an integral part of a complex 
organ subject to the general pathologic processes, infection and resistance, which 
affect the body as a whole. Thus the chapters on syphilis and tuberculosis of the 
retina appear quite inadequate. A similar criticism may be registered against the 
chapters on vascular diseases. For example, serious exception might be taken to 
the definition that "arteriosclerosis or hardening of the arteries is one and the same 
disease whether the intitna presents an ulcer containing mush, an ‘artheroma’, a 
localized fibrous thickening, or a hy'aline thickening of the arterioles”, and to the 
subsequent discussion based on this premise. Second, on contraversial subjects 
as a rule only one side of the question is presented, and, while there is a bibliography 
at the end of each section, this is usually incomplete and gives only the literature 
utilized in this presentation, or which coincides with the author’s opinion. 

Despite these critidsms, which in essence are really only a reflection of the 
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author’s individual views, this book brings together in one concise volume a mass 
of material and wealth of information, much of which has been pretty well buried 
in the literature. Despite its shortcomings, it is a commendable piece of work and 
is to be recommended to ophthalmologists. 

A. C. W. 

Early Amhtilaiion And Related Procedures In Surgical Management. By Daniel 
J. Leithauser. 232 pp. $4.50. Charles C Thomas, Springfield, Illinois, 
1946. 

This volume dealing with a currently controversial and live subject is written 
by an author who has been one of the leading and most uncompromising proponents 
of his subject, and one to whom much credit must go for the spread of the “gospel” 
he preaches. Claiming no originality for this theory, he propounds in logical 
sequence the reasons why "early rising” prevents complications and hastens con- 
valescence. He insists upon his definition as meaning “immediate” (i.e. day-of- 
operation) rising and decries the attitude of his compromising colleagues who follow 
an attitude of “wait and see” or “happy medium”. Ambulation includes not only 
standing and walking, but coughing in the upright position with the clearing of 
mucus and disappearance of rales. Chapter by chapter be tersely and convincingly 
reviews the ordinary groups of complications, and, supported by an experience of 
2047 patients shows the beneficial effect of his program. Finally, he puts forth a 
plan of surgical management based upon his own experience which he considers 
essential before early ambulation may be permitted. This includes details of pre- 
operative care, anaesthesia, surgical technic including suture material, postopera- 
tive care, and finally, the details of early rising itself. This is a brief treatise, well 
documented with modem references to support the thesis, a convincing treatise 
which every doubting surgeon should read so that he may better understand the 
problem which is being attacked and the position of a practical surgeon who speaks 
with authority about a radical departure in surgical practice. 

S. McL. 

Earvey Cushing. ByJoHNF. Folton. Ulus. 754 pp. $5.00. Charles C Thcmas, 
Springfield, Illinois, 1946. 

This is the story of one of the great men in medicme. If it is read, not word 
by word, but with understanding, the medical student will get an inspiration that 
will greatly aid him to rise above mediocrity and climb to the top of the ladder in 
his chosen profession. The secrets of success, as exemplified in the life of Harvey 
Cushing, are a strong healthy body (he was an exceptionally good athelete in the 
gymnasium, on the baseball field and at tennis), a charming personality that won 
for him friends in all parts of the world, and a broad basic education. From his 
youth he w’as a perfectionist, and throughout his life he took infinite pains to make 
his addresses, his publications and his care of patients as near perfect as it was pos- 
sible to make them. He was a firm believer in the value of clinical research, 
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supplemented, where additional knowledge could be gained, by animal experiments. 
His pioneer work on the functions and diseases of the pituitary gland is a striking 
example of his brilliant mind. 

Added to these characteristics was the stimulus he received from years of close 
association with Halsted, Osier, \\‘elch, Simon Flexner, Mall, Councilman and 
others during the early years of the Johns Hopkins hledical school and hospital. 
From these men he acquired the curiosity to find out why, and the ambition to be 
a contributor, rather than a parasite living and practicing on the fruits of the labors 
of others. 

The ambition thus acquired never left him, but grew year by year. Osier in- 
terested him in the history of medicine. This lead to the remarkable collection of 
books and manuscripts, which he left to Yale University. He not only collected 
these books, but educated himself to read them in the original. He was an in- 
spiring and fascinating teacher. On ward rounds he invariably showed students 
books illustrating the growth of knowledge throughout the centuries concerning 
the malady of the patient under discussion. 

He was impatient of carelessness and lack of consideration for the patient. He 
emphasized, often with stinging rebukes to his house officers, that no effort must be 
spared to give the sick patient the best that is in you, regardless of race, color, creed 
or financial status. 

I know of no medical biography that can be read with greater benefit to the 
student than John Fulton’s life of Harvey Cushing. 

S. J. C. 

Introduction to Surgery. By Virginia Kreeland Frantz, and Harold Dortic 
Harvey. 216 pp. S2.50. Oxford University Press, New York, New York, 

This stimulating and provocative monograph is an outgrowth of die introduc- 
tory course in surgery given to medical students in their second year at the College 
of Physicians and Surgeons of Columbia University. Most of the text is concerned 
with the reparative process of the tissues in response to injury and/or infection. 
The reviewer is heartily in accord with the authors in their desire to create in the 
Student an inquiring and critical mind, unhampered by the acceptance of dogma. 
Nearly every paragraph in the monograph provides, in the words of the authors, 
"food for thought and basis for a'^ument”. Students and young surgeons will 
profit from a thoughtful reading of this excellent little book. 

E. S. S. 

Chemotherapy, Yesterday, Today, and Tomorrow. By Sir Alexander FLEiiiNc. 
39 pp. $.50. The Macmillan Company, New York, New York, 1947. 

In his Linacrc Lecture, Alexander Fleming has simply and effectively told the 
story of chemotherapy as it has unrolled during the past century. This lecture 
is factual, coherent and interesting. It makes excellent reading for both the phy- 
sician and the layman. 


P. H. L. 
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Medical Biochemistry. By Mark R. E\'ERETr. 2nd Ed. 767 pp. $7.00. 
Paul B. Hoeber, Incorporated, New York, New York, 1946. 

For the first edition of this work, the author expressed the ambition to make it 
"a text in consonance with modem teaching, which includes the essential facts 
and fundamental data, . . . and is of such a size that the student will have time to 
read it.” The plan seems to have been abandoned in this, the second, edition which 
sets out to accomplish two rather irreconcilable objectives. The book seems now 
intended to serve both as a convenient reference volume and as a text for various 
types of medical biochemistry courses, including the basic course. 

The ten chapters deal with: acid-base relations; colloids, enzymes, and oxida- 
tion; digestion; lipids; carbohydrates; proteins; prosthetic radicals of proteins; 
inorganic substances; vitamins and avitaminoses; and, hormones and endocrinoses. 
In most cases, each chapter is subdivided under the headings, chemistry, metab- 
olism, and pathology, and closes with a selection of representative general refer- 
ences. The text and the numerous tables present a great mass of information, the 
reliability of which, in the absence of specific references, is not always easy to assess. 
For example, only the more experienced student would be suspicious of the 
curious information that oxyhemoglobin has a pK of 6.62 and hemoglobin a pK 
of 8.18. 

The exposition of subject matter is generally didactic, and often exceedingly 
brief. One finds little of the lucid and cogent exposition needed in the elementary 
trabing of students b medicbe. The treatment of acid-base relations is somewhat 
archaic. The subject of digestion is properly allocated to a separate chapter, 
whereas the equally, if not more, important subject of the respiratory functions 
of the blood is scattered as parts of several different chapters. This scatterbg is 
perhaps justifiable from a narrow standpobt of “systematization”, but it hardly 
meets the need of the medical student for an btegrated concept of one of the more 
significant aspects of medical biochemistry. 

Many of the numerous tables contab interestmg and important data b con- 
densed form, some of which the teacher or investigator may find useful. 

B. C. 

Muscle Testing. Techniques of Manual Examination. By Lttcii.i.e Daniels, 
Marian Williams and Catherine Worthingham. Ulus. 189 pp. $2.50. 
TF. B. Saunders Company, Philadelphia, Pennsylva^iia, 1946. 

Manual muscle testing is an important division of Physical Therapy and is 
studied both qualitatively and quantitively. This volume presents muscle topog- 
raphy, muscle function, joint range, and nerve distribution and utilizes 349 dia- 
grammatic Ibe drawbgs. The physical therapist will appreciate the clear, succbct 
bstructions and the admirable, simple illustrations. 

This useful work will be welcomed by physical therapists, by orthopedists, and 
by other students of the skeletal structure. 


T. P. S. 
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Nrj) Aspects cj John and William Hunter. By Jane M. Oppeneebter. 188 pp. 
$6.00. Henry Schuman, New York, New York, 1946. 

This book, m a limited edition, is well printed, well illustrated, well annotated, 
and more important, very well written. It is a worthy addition to the already 
extensive literature about the earlier of the two most famous pairs of medical 
brothers. In the present volume, the first part considers an investigation of the 
facts leading up to Sir Everard Home’s destruction of the John Hunter Manu- 
scripts. With well supported logic. Dr. Oppenheimer con\dcts Home of burning 
these manuscripts to cover his own extensive plagiarisms. Since the burning oc- 
curred thirty years after Hunter’s death, there was ample time to cull the manu- 
scripts for their best, which may have been the basis of Home’s own over one hun- 
dred publications. 

The second part discusses William Hunter’s relationship with his lay con- 
temporaries, a subject previously much neglected. 

This reviewer’s only criticism of this excellent book is that the annotations are 
placed, undoubtedly for the sake of appearance, at the end of each section. Since 
they arc all of great interest to careful readers, their correlation with the text in- 
volves a deal of page turning. This book should be of interest to all medical his- 
torians and particularly to all those who have puzzled about various unsolved 
mysteries in the lives of the two Hunter brothers. 

H. N. H. 

Outline oj the Spinal Nerves. By John Fayiu.. Ulus. 191 pp. $3.75. Charles 
C Thomas, Springfield, Illinois, 1946. 

This little book wiU undoubtedly prove to be very useful to neurologists and to 
neurosurgeons. The author has collected all the information about the anatomy, 
composition and function of the spinal nerves as well as the skeletal muscles. All 
of the standard text books have been analysed and compared. Where these au- 
thorities differ, the author has made his own choice. These facts are presented 
very briefly but in such a systematic fashion that it is easy to find the information 
desired. 

F. R. F. 

Uterine Contractility in Pregnancy. By Douglas P. Murphy. Ulus. 134 pp. 
$5.00. J. B. Lippincott Company, Philadelphia, Pennsylvania, 1947. 

This small volume of 134 pages covers observations with the Lorand tocograph 
on the uterine activity of 1153 individuals during both pregnancy and labor. 
Many of the records and obser%'ations have been previously published in various 
scientific journals. 

The format is excellent. The book is db-ided into six sections of several chap- 
ters each. These divisions are logical for a study of this t>-pe and include a dis- 
cussion of material and methods and a general summaiy. In addition there are 
observations on spontaneous uterine actmty and factors influencing this activity. 
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during pregnancy and labor. There are two major criticisms of this work. The 
first is a lack of thoroughness of discussion regarding the tocograph itself. No 
real investigation appears to have been made to determine the degree of variation 
inherent in the instrument itself, or the effect of its positioning or methods of attach- 
ment to the abdomen. Using more sensitive devices all of these factors appear to 
play an important role and there is no reason to suppose that the tocograph is 
immune to this variability. Nor is the discussion of what is measured by this 
instrument convincing. Apparently the author accepts without reservation the 
work of Wolfe that the degree of uterine hardness is what is recorded. 

The second major criticism is based on the conclusions drawn. So long as 
observations are presented these make contributions to our knowledge and are of 
great interest. The division of pregnancy into three phases of uterine activity, 
the study of types of uterine inertia as related to tocograph charts, the effects of 
morphine, estrogen and pituitrin on these graphs are all valuable and important 
contributions. There is no proof, however, that the statement that the early 
appearance of uterine activity is related to the duration of pregnancy is valid. As 
regards the use of the statistical method to prove that early contractions influence 
the duration of labor, the samples are so small as to make such an approach not only 
unjustified but meaningless. For example, the duration of labor in primigravidae 
with early contractability is based on but three cases. Similarly, the character of 
the uterine response to pituitrin and its relation to the duration of labor is submitted 
to statistical attack which is invalid on the same basis. 

The importance of this volume is in its emphasis on our lack of knowledge of 
uterine physiology during normal and abnormal labors. While many of its con- 
clusions are not proven certain observations are of importance. With more 
sensitive and accurate instruments and a study of a great many more cases, and 
with this small volume as a guide post those phases of uterine activity about whida 
we today know so little, should become clear. 


L. M. H. 
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